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Explore the limits.
T&M solutions for
aerospace and defense.

Today's aerospace and defense technologies demand ever more
sophisticated test and measurement solutions to stretch the limits

of what is feasible. As a full-range supplier, Rohde & Schwarz

offers a broad portfolio that proves its capabilities in even the most
demanding applications. Our leading-edge expertise in microwave,
RF and EMC helps customers assess performance, optimize platforms
and get the most out of systems. Convince yourself.

www.rohde-schwarz.com/ad/sat/fsw

R&S®FSW signal and spectrum analyzer

1 Models up to 85 GHz

1 Up to 2 GHz analysis bandwidth

1 Real-time analysis up to 160 MHz bandwidth

1 Pulse parameters at a fingertip

1 Unmatched low phase noise of —137 dBc (1 Hz)
at 10 kHz offset (1 GHz carrier)
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SKYWORKS®

Enabling the Internet of Things

Wearables ---<--@

Aerospace and
Defense

Mobile Devices - -~ -,

+= Wireless Infrastructure

Consumer
Electronics

Machine-to-Machine

- - Medical

e

L O

| Automotive | Medical
AEC-Q100 Qualified 20 MHz to 3 GHz SPDT Ultra Broadband Low-noise Amplifier: SKY&7159-396LF
RF Switch: SKYA21001 For magnetic resonance imaging, monitoring equipment
For wireless control applications and telemetry
| Connected Home | Mobile Devices
0.1to 6 GHz SP3T Switch (-40 to +105 °C Operating Multimode Multiband Power Amplifier Module for
Temperature Range): SKY13588-460LF Penta-Band (1, 2, 4, 5, 8) WCDMA / HSDPA / HSUPA / HSPA+
For LTE (band, mode), multimode antenna switching, /LTE Bands 1, 2, 4, 5, 8, 26, 27, 34, 39: SKY77759-51
Wi-Fi networks and embedded lighting For multibond handsets
| Industrial | Smart Energy
470 to 510 MHz Front-end Module: SKY66115-11 Transmit/Receive Front-end Module: SKY66100-11
For low-power range extension in industrial, smart meter, For automated meter reading, advanced metering infrastructure
tracking and RFID applications and ISM systems
| Machine-to-Machine (M2M) | Wearables
Step-down Regulator with Auto Bypass: SKY87000-13 20 MHz to 6 GHz SPDT Switch: SKY13587-378LF
For machine-to-machine and mobile devices For low-power transmit/receive systems

Please visit our Internet of Things site at www.skyworksinc.com/loT

sales@skyworksinc.com | USA:781-376-3000 | Asia: 886-2-27350399 | Europe: 33 (0)143548540 | NASDAQ: swks | [IE2
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Semflex

microwave solutions

a cinch connectivity solutions brand

Cable Selection

HP Series

o Test & Measurement Interconnects

e Robust construction best all around
choice for microwave test and inter-
connect cables.

e Low loss and VSWR to 55 GHz,
toughest.

SW Series

e Lower Cost - Ease of Assembly

e Good electrical performance, low
loss to 129 GHz.

e Simplified connector attachments
and assembly methods.

KW Series

e Tight Installations - High Power

e High power, low loss, high flexibility
compared to air dielectric corrugated
cables

Semflex has been manufacturing some

of the highest quality coaxial cable in the
world. Over the years, we have developed
the expertise necessary to rapidly design
and manufacture cable solutions to meet
specific and unique requirements for a
variety of environmental, mechanical and
electrical conditions.

The High Performance Product Line
includes three series of cables suitable

for applications with the most stringent
mechanical, electrical or environmental
re(:{/l\J/irem_ents, up to 50 GHz. Low loss, low
VSWR, high power, high temperature,
ﬂexibiﬁty and phase stability are all
examples of the many special
requirements this product line is suited for.
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L-3 NARDA-MITEQ...NEXT-GENERATION

INTEGRATED MICROWAVE ASSEMBLIES

~_converters

wideband
receivers

wideband
amplifiers

A C =
Monnodetar | OPEN VPX
‘ pesign | TECHNOLOGY

Your Proven Source for IMAs With Open VPX Technology

L-3 Narda-MITEQ offers more than 60 years of innovative component-level expertise in microwave and RF
technology, delivering both performance and packaging solutions not considered possible in the past. We are
your proven source for complex-level IMA modular designs with open VPX technology for antenna interface
modules, converters, wideband amplifiers, receivers, synthesizers, switched filter banks and more. Providing
everything from design to production, we are ready to meet your most challenging requirements. When your

narda@mr=a

next project demands a highly specialized IMA, count on L-3 Narda-MITEQ - your best resource for advanced
VPX solutions.

Learn more about all we have to offer by visiting us at nardamiteq.com or call us at (631) 231-1700.

Narda-MITEQ ﬁ m L-3com.com
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N 'OUR COMPLETE MILLIMETER WAVE

SOk UTION

B

& B )=~ MADE IN USA

www.sagemillimeter.com | 3043 Kashiwa Street, Torrance, CA 90505
T: 424-757-0168 | F: 424-757-0188 | sales@sagemillimeter.com
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Q% EXTEND YOUR REACH

Compass Technology Group using
R140 to measure reflection properties
of EMI absorber materials

FIRST to MARKET.
FIRST in PRECISION.

Producing high-quality wireless components just got a lot easier.

Whether you are challenged with testing speed, ease of reporting
or space constraints, our US Patent 9,291,657 no-test-cable-needed USB
vector network analyzer Reflectometer Series is made for you.

Reflectometer Series Specs:
» Frequency Range: 85 MHz - 5.4 GHz/14 GHz or 1 MHz - 6 GHz*

» Measured Parameters: Sy,

R54 » Effective Directivity: < 46 dB*
US Patent 9,291,657

» Measurement Time: as low as 100 ps/pt*

» Measurement Points: 100,001 *depending on model

To see how others have used our products to extend their reach visit:

www.coppermountaintech.com/casestudies



http://www.coppermountaintech.com/

S

Public Safety

N
A

BETTER BUILDINGS / BETTER PRODUCTS
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Satcom, mmWave
& Military

\

Aeronatutical/Space
Transportation

AMER, EMEA,
& D.A.S

MECA 5G Products & Equipment

MECA Electronics designs and manufactures an extensive line of
RF/Microwave Equipment and Components with industry leading
performance including D.A.S. Equipment, Low PIM Products,

N, SMA, 2.92mm, TNC, BNC, 7/16, 4.1/9.5 & 4.3/10.0 DIN as well
as QMA, Reverse Polarity SMA, TNC and various mounting
solutions. Since 1961 MECA Electronics (Microwave Equipment &
supports 5G & Millimeter-Wave, Power Dividers & Combiners, Components of America) has served the RF/Microwave industry
Directional & Hybrid Couplers, Fixed & Variable Attenuators, RF with equipment and passive components covering Hz to 40 GHz.
Terminations, Circulators/Isolators, DC Blocks & Bias Tees, Adapters MECA is a privately held 1S09001:2008 Certified, global designer
& Jumpers. Models available in industry common connector styles: and manufacturer for the communications industry with products
manufactured in the United States of America.

Low PIM Attenuators

Attenuators/Terminations

Circulators/ilsolators

Directional Couplers/Hybrids

i

w
. Ofre- 4]
MECA Electronics, Inc. ’
. Microwave Equipment & Components of America
- The Professional’s Choice for RF/Microwave Passive Components
e-MECA.com 459 E. Main St., Denville, NJ 07834 h fF g in t
Since 1961 Tel: 973-625-0661 =+ Fax: 973-625-9277 + Sales@e-MECA.com =il
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High-Frequency RF Performance
In Demanding Environments

Simply Solved »

Avoid I/O Coax Connection Failure with
Molex Multi-Port RF Solutions

Don’t let critical connections fail in rugged, high-vibration Learn why rugged applications need Molex
conditions. Molex Multi-Port RF Coaxial Cable-to-Board Multi-Port RF solutions.

solutions include an integrated shell with dual side latches
that prevent cables from moving or twisting, even in the
most rugged environments. Fully customize your high-
density MPRF solution with 4-, 6- and 8-port configurations
that minimize your PCB footprint for even the smallest,
smartest devices.

www.molex.com/a/multiportRF

ON&@E m0|ex®
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Amazingly Low Phase NﬂiSB

SAW veo's

Features:
| Very Low Post Thermal Drift \/
| Small Size Surface Mount * g necorror

Frequency Tuning Voltage DC Bias VDC Phase Noise @ 10 kHz
[MHz] [VDC] @ | [Max.] (dBc/Hz) [Typ.]
HFS0600-5 600 0.5-15 +5VDC @ 35 mA -146
HFS0640-5 640 05-12 +5VDC @ 35 mA -151
HFSO745R84-5 745.84 0.5-12 +5VDC @ 35 mA -147
HFSO776R82-5 776.82 05-12 +5VDC @ 35 mA -146
HFS0800-5 800 05-12 +5VDC @ 20 mA -146
HFS0800-5H 800 05-12 +5VDC @ 20 mA -144
HFS0800-5L 800 05-12 +5VDC @ 20 mA -142
HFS0914R8-5 914.8 0.5-12 +5VDC @ 35 mA -139
HFS01000-5 1000 0.5-12 +5VDC @ 35 mA -141
HFS01000-5L 1000 05-12 +5VDC @ 35 mA -138
HFS01600-5 1600 05-12 +5VDC @ 100 mA -137
HFS01600-5L 1600 05-12 +5VDC @ 100 mA -133
HFS02000-5 2000 05-12 +5VDC @ 100 mA -137

* Package dimension varies by model ( 0.5” x 0.5” or 0.75” x 0.75”).

Talk To Us Ahout Your Custom Requirements.

MUV @ANER Phone: (973) 881-8800 | Fax: (973) 881-8361
VWY N = E-mail: sales@synergymwave.com
A A BRAYL L IL\C R Web: WWW.SYNERGYMWAVE.COM

WMACROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504
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From tracking generator

| Cable being fested :

FAULTS IN COAXIATL
CABLES

http://mwrf.com/systems/method-finds-faults-coaxial-
cables

| "T" connector

This straightforward technique works in the frequen-
cy domain without need of exotic test equipment to
accurately find the distance to a fault in RF/microwave
coaxial cables.

POWER DEMANDS
PUT THE. PRESSURE ON
PACKAGING

http://mwrf.com/components/power-demands-put-

pressure-packaging
p s o

S e <F=

Higher power densi-
ties and frequencies
are pushing packages
to their limits, while
emerging wireless
applications such as
IoT and 5G crave
lower-cost housings.

join us online ! E3

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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DESIGN ANDTEST
TIPSTO HELP
EXTEND PRODUCT
LIFETTIVIES

http://mwrf.com/passive-components/these-design-and-
test-tips-help-extend-product-lifetimes

Understanding the impact of selecting different materi-
als and manufacturing processes can separate standard
high-power resistive components from those designed

and tested for true high-reliability applications.

FILTER BANKS
RAISE THE

TEMPERATURE OF
DESIGN CHALLENGES

http://mwrf.com/active-components/high-power-
switched-filter-banks-raise-temperature-design-
challenges

For high-power switched filter banks, the power and
voltage stresses of rapidly switching at high power—
along with achieving low insertion loss and high out-of-
band rejection—require novel strategies to support these
emerging needs.

JULY 2016 MICROWAVES & RF
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[t your 5G idea works here...

50,000 soccer fans streaming live-action
mobile video. All at once.

Soon it will be reality. A world connected as never before.
Always on. Amazingly fast. Massive traffic. Instant information.
That's the promise of 5G. New spectrum. New waveforms.
Millimeter-waves. Massive MIMO. More. Keysight offers the
world’s first 5G simulation, design and test environment able
to emulate your real-world 5G wireless thesis. With deep
expertise to help you tackle 5G risk and complexity. So you
can go from 5G ideas to 5@ reality faster.

HARDWARE + SOFTWARE + PEOPLE = 5G INSIGHTS

5 G Get the latest app notes,

white papers and tutorials KEYSIGHT
www.keysight.com/find/5G-Insight TECHNOLOGIES
USA: 800 829 4444 CAN: 877 894 4414 Unlocking Measurement Insights

© Keysight Technologies, Inc. 2016

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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NOW! Revolutionary

ABSORPTIVE/REFLECTIONLESS

FILTERS

DC to 21 GHZ!

Reflectionless

—_— —
D D
\ Conventional /

Eliminates standing waves out-of-band

Stops Signal Reflections Dead in Their Tracks! 4 e’ﬁ;y 1000)

Mini-Circuits is proud to bring the industry a revolutionary breakthrough in v High pass, low pass

the longstanding problem of signal reflections when embedding filtters in RF and band pass models
systems. Whereas conventional filters are fully reflective in the stopband,  / patented design
our new X-series reflectionless filters are matched to 50Q in the passband, eliminates in-band spurs

stopband and transition band, eliminating intermods, ripples and other
problems caused by reflections in the signal chain. They’re perfect for pairing
with non-linear devices such as mixers and multipliers, significantly reducing .
unwanted signals generated due to non-linearity and increasing system v/ Good impedance match

v Absorbs stopband signal power
rather than reflecting it

dynamic range by eliminating matching attenuators?. They’ll in passband stopband and transition
change the way you think about using filters in your design! v Intrinsically Cascadable?
Jump on the bandwagon, and place your order online v Passbands from DC-to 21 GHz*
today for delivery as soon as tomorrovv._Need a custom v Stopbands up to 35 GHz
design? Call us to talk to our engineers about a X-Seri )
reflectionless filter for your system requirements. eries 2 Tiny 3x3mm QFN
 Small quantity samples available, $9.95 ea. (qty. 20) Protected by U.S. Patent No. 8,392,495 and
2 See application note AN-75-007 on our website Chinese Patent No. ZL201080014266.1.
? See application note AN-75-008 on our website Patent applications 14/724976 (U.S.) and PCT/USIS/33118
4 Defined to 3 dB cutoff point (PCT) pending.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 550 Rev On
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Editorial

CHRIS DEMARTINO
Technical Editor

chris.demartino@penton.com

Design Software
Leaves ifs Mark

ngineers today can take advantage of design software to simulate every-

thing from extremely simple to highly elaborate designs. This was dem-

onstrated at this year’s IEEE International Microwave Symposium (IMS),
as a number of software providers showcased their impressive capabilities. With
software playing such a critical role, the companies that provide these tools continue
to push the envelope by offering more efficient solutions than before.

For example, Sonnet (www.sonnetsoftware.com) recently enhanced its capabilities
with the introduction of Release 16 (V16). A major benefit of V16 is integration with
the Modelithics (www.modelithics.com) CLR Library for Sonnet. This library contains
a large number of simulation models, allowing users to easily include more models in
their Sonnet simulations. Modelithics integration is not the only new feature in V16:

Maximum thread count for the high performance solver (HPS) increased from 32 to 48,

boosting the speed of larger projects by as much as 50%.

One company that may not immediately come to mind when discussing high-
frequency design software is MathWorks (www.mathworks.com). Of course, many
associate the company with MATLAB, which is used by companies and universities
everywhere. But the company is also focusing specifically on RF design, demonstrat-
ed by the RF Toolbox software. The RF Toolbox allows users to specify filters, trans-
mission lines, amplifiers, and mixers directly or by their physical properties. It can
read and write touchstone file formats, meaning that, say, S-parameter data obtained
from a vector network analyzer (VNA) can be imported and plotted.

Furthermore, the RF Budget Analyzer was recently introduced in the RF Toolbox.
The former is a helpful tool that allows system designers to build and analyze a cas-
cade of RF components. It can calculate cascaded gain, noise figure, and third-order
intercept-point (IP3). This is a nice tool that is an improvement over using a spread-
sheet, which is often used in these situations. In addition, the RF Budget Analyzer
works together with the company’s SimRF software.

Of course, companies like Keysight (www.keysight.com), National Instruments
(www.ni.com), and ANSYS (www.ansys.com) are well-known providers of high-
frequency design software. COMSOL (www.comsol.com)—with its Multiphysics
software—is another company that offers engineers an advanced modeling and simu-
lation tool. And Computer Simulation Technology (www.cst.com) just announced
a free student version of its electromagnetic (EM) simulation software. With all of
these and other options, those who use RF/microwave design software now have
many tools at their disposal. Tl

JOIN US ONLINE  twitter.com/MicrowavesRF |
become a fan at facebook.com/MicrowavesRF n

GO TO MWRE.COM

Harmonic (Comb)
Generators

F out

NOW AVAILABLE

FOR YOUR IMMEDIATE NEEDS

THE FOLLOWING MODELS ARE
in Stock
FREQ. | powER N u'gl¥(? fa
MODEL IN
(dBm) GHz
(MHz) (dBm)
GC00RC 100 v 0
GC200RC 200 v 27 35
GC250RC 250 v 30
GC500RC 500 v 7T 20
GC1000RC 1000 v 15
GC100RL 100 v 0
GC200RL 200 a7 35
GCAT00A 100 0 40
GCA1008 100 0 0
GCAS00A 500 0 20
GCAS00B 500 0 20
GCA1000A 1000 0 15
GCAT000B | 1000 | +10

Your Source for the Most Complete
Line of Comb Generators

Other Herotek Products:
Detectors . Limiters . Amplifiers
Switches . Multipliers
Subassemblies

' ‘ The Microwave
. Herotek . pmum Source
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RF SWITCH

MATRICES

DC to 18GHz

¥ SWITCH STATUS
INDICATOR LIGHTS
® Activated
® Non Activated

USB & Ethernet Control Options .. .5385.

¢ 0.25 dB Insertion Loss e Extra-Long Switch Life e User-Friendly GUI and DLLs Included

* 85 dB Isolation Up to 100 Million Cycles™ » Compatible with Most Third Party Lab Softwaret
e 1.2 VSWR ¢ Switch Cycle Counting Feature e Small size fits in your Laptop Case!

¢ up to 10W Power Handling with Automatic Calibration Alerts e Available from Stock

Visit minicircuits.com for detailed model specs, application notes, and more!
Place your order today for delivery as soon as tomorrow!

* Switches protected by US patents 5,272,458; 6,650,210; 6,414,577; 7,843,289; and additional patents pending.

1 See data sheet for a full list of compatible software.
] ] ] ] ®
Mini-Circuits
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POWER

L a—
P

Turn Smart Power Sensors into Low-Cost RF Power Meters!

PMirei-Cj
OWER <y,

SENSORS

1to SOO0OMHz -45 to +20 dBm | from$é 95ea. aty. (1-4)

Mini-Circuits’ smart RF power sensors turn almost any Windows®
or Linux® based computer into a low-cost testing platform for all
kinds of RF components and systems. To give you even more
capabilities, our lineup now features models for high-sensitivity
measurement of CW, multi-tone and modulated signals at levels
as low as -45 dBm!

With 8 different models in stock offering USB and Ethernet
control options, measurement speeds as fast as 10 ms?,
dynamic range options from -45 to +20 dBm, and measurement
capability for continuous wave and modulated signals, chances are,
we have a power sensor to meet your needs and fit your budget!

Model Power
Measurement
NEW‘- PWR-6LRMS-RC True RMS
gW! PWR-6LGHS CwW
NE\N“ PWR-6BMS-RC True RMS
PWR-4RMS True RMS
PWR-2.5GHS-75 (75Q) CwW
PWR-4GHS CwW
PWR-6GHS CcwW
PWR-8GHS CwW
PWR-8GHS-RC CwW
PWR-8FS CwW

Our user-friendly GUI provides a full range of measurement tools
including measurement averaging, time-scheduled measurements,
multi-sensor support, and measurement applications supporting RF
testing of couplers, filters, amplifiers and more! View data and
graphs on-screen or export to Excel® for reporting and data analysis.

Al Mini-Circuits power sensors fit in your pocket and come
supplied with all the accessories you need for immediate use right
out of the box. Visit minicircuits.com and place your order today
for delivery as soon as tomorrow.

o RoHS compliant

Frequency Dynamic Range Control Price $ ea.
MHz (dBm) Interface (Qty1-4)

50t0 6000  -45to+10 USB&Ethernet 1595.00

50 to 6000 -45to +10 USB 895.00

5010 6000  -35to +20 USB&Ethenet 1595.00
50t0 4000  -35to +20 USB 1169.00

0.1t0 2500 -30to+20 usB 795.00
0.009 to 4000 -30 to +20 usB 795.00
1 to 6000 -30 to +20 usB 695.00

1 to 8000 -30 to +20 USB 869.00

1 to 8000 -30to +20 USB &Ethernet  969.00
1to 8000 -30 to +20 UsB 969.00

*Measurement speed as fast as 10 ms for model PWR-8-FS. All other models as fast as 30 ms.

Excel is a registered trademark of Microsoft Corporation in the US and other countries.
Neither Mini-Circuits nor Mini-Circuits Power Sensors are affiliated with or endorsed by the owners of the above-referenced trademarks.

[ JMini-Circuits’
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SOC/

Solution of Connector & Antenna

Superb Qual 214.5
Reasonable Pricing.

Fast Delivery!

/

Ty |
Q_

O®SMA, N Type, BNC, TNC, MCX,
MMCX, Customize Cable Assembly

O®WiFi Dual Band Antenna

0 0-6GHz Lightning Protector

ADD: No.58, Lane 486. Jhong Jheng 3RD Street. Yong Kang Dis. 718, Tainan, Taiwan
TEL:886-6-242-7963 FAX:886-6-243-4813
MAIL:sales@socaa.com.tw

WWW.SOCAA.COM.TW
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CERTIFIED

OCTAVE BAND LOW NOISE AMPI.IFIER;

Model No. Freq (GHz)  Gain (d8) MIN  Noise Figure (@B) Power-out@pids  3rd Order (P VSWR
CA01-2110 0.51.0 2 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA12-2110 1.0-2.0 30 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA24-2111 2.04.0 29 1.1 MAX, 0.95TYP  +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3MAX, TOTYP  +10 MIN +20dBm  2.0:1
(A812-3111 8.0-12.0 27 1.6 MAX T.4TYP  +10 MIN +20dBm  2.0:1
CA12184111  12.0-18.0 25 T9MAX 1.7TYP  +10 MIN +20dBm  2.0:1
(A1826-2110  18.0-26.5 32 3.0 MAX, 25TYP +10 MIN +20dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA0T-2111 0.4-0.5 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm 2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA34-2110 3.7-4.2 28 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0TYP  +10 MIN +20 dBm 2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2TYP  +10 MIN +20 dBm 2.0:1
(A13153110  13.75-15.4 25 1.6 MAX, 1.4TYP  +10 MIN +20 dBm 2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0TYP  +33 MIN +41 dBm 2.0:1
(A34-6116 3.1-35 40 4.5 MAX, 3.5TYP  +35 MIN +43 dBm 2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0TYP ~ +30 MIN +40 dBm 2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5TYP  +30 MIN +40 dBm 2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0TYP  +33 MIN +41 dBm 2.0:1
CA12137110 12.2-13.25 28 6.0 MAX, 55TYP  +33 MIN +42 dBm 2.0:1
CA14157110  14.0-15.0 30 5.0 MAX, 40TYP  +30 MIN +40 dBm 2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX 2.8 TYP  +21 MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq GHz2)  Gain (@8) MIN  Noise Figure (@8)  Power -out @P1d8 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN 0 dBm 2.0:1 =
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20 dBm 2.0:1 —
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm 2.0:1 ——
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm 2.0:1 —
(A02-3112 0.52.0 36 4°5 MAX, 2.5 TYP +30 MIN +40 dBm 2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm 2.0:1 '
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm 2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1 =
CA2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm 2.0:1 —
CA2184110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm 2.0:1 —
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq GHz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB - VSWR E=
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/-1.5MAX  2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1.5MAX  2.0:1 ==
(lA712-5001 7.0-12.4  -21to+10 dBm +14 t0 +19 dBm +/-1.5MAX  2.0:1
(lA618-1201 6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq GHz)  Gain (dB) MIN  Noise Figure (@)  Power-out@P148 Gain Attenuation Range VSWR
CA00T-251TA  0.025-0.150 21 5.0 MAX, 3. +12 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25  2.2MAX 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A 15.0-18.0 30 3.0MAX, 2.0 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq GHz  Gain (@8) MIN  Noise Figure dB  Power-out@pi8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX 2.2 TYP +13 MIN +23dBm  2.0:]
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0
(A002-3114  0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing. A "
Visit our web site at www.ciaowireless.com for our complete product offering. wireless

Ciao Wireless, Inc. 4000 Via Pescador, (qmm:ill:l'oi CA 93012
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Feedback

MEASURING THE QUALITY

OF TEST EQUIPMENT

Test equipment is an important part of
any RF/microwave engineer’s life. Most
of us work near a bench that is stacked
with a couple of signal generators, at
least one good scope, and a variety of
different signal analyzers. Engineers who

are lucky enough will have access to a
VNA for S-parameter measurements.
Because of the need for reliable test
equipment as part of any design effort, I
applaud your magazine for the number
of Product Features so far this year and
the amount of detail provided in each.
Many of your reviews seem like they are

Digital Attenuators
& Phase Shifters

Freq. Range Insertion Loss VSWR Least Operating Model
(GHz) (dB) max. (dB) max. Significant Bit  Power (max) Number
Digitally Controlled Analog Attenuators, 64 dB, 8 Bits
4.00-8.00 6.0 2.00:1 0.25 <=0dBm DAT-19
8.0-12.40 6.0 2.00:1 0.25 <=0dBm DAT-21
6.0-16.00 6.0 2.00:1 0.25 <=0dBm DAT-23
6.0-18.00 6.5 2.00:1 0.25 <=0dBm DAT-25
Linear Voltage Controlled Analog Attenuators, 64 dB
4.0-8.0 5.0 1.9 - <=0dBm AAT-25
8.0-12.4 5.0 2.0 - <=0dBm AAT-27
6.0-16.0 5.0 2.0 - <=0dBm AAT-29
Switched Bit Digital Attenuators, 64 dB, 8 Bits
0.50-1.00 3.7 2.00:1 0.25 +20 dBm DAT-16
1.00-2.00 4.0 2.00:1 0.25 +20 dBm DAT-17
2.00-4.00 6.5 2.00:1 0.25 + 20 dBm DAT-18
Switched Bit Digital Phase Shifters, 360°, 8 bits
0.50-1.00 45 1.80:1 1.40 +20 dBm DST-11
1.00-2.00 4.5 1.80:1 1.40 + 20 dBm DST-12
2.00-4.00 6.0 1.80:1 1.40 +20 dBm DST-13

See website for complete list of 32 dB and 64 dB attenuators and phase shifters.

PULSAR

MICROWAVE CORFPORATION
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hands-on reviews, and your writers seem
to have a good working knowledge of the
test equipment and how it functions in
different applications.

While many engineers would love to
have the same test gear available at home
for those weekend projects (although
their spouses may not agree), the cost of
most RE/microwave test equipment is
too prohibitive for any kind of afford-
able home microwave test lab. Still, I
remember when reading your magazine
in the past when the price and availabil-
ity (P&A) of each reviewed test instru-
ment was listed at the end of the article.
I would like to see your editors get back
into this habit so that readers can at
least have an idea of the price ballpark
for some of the test equipment that is
reviewed in each issue.

H. DoLaN
EDITOR’S NOTE
Your recommendation for listing P&A
for each reviewed instrument and, pos-
sibly, for each product reviewed in each
issue, is a good one. As for the “hands-
on” nature of the test-equipment product
reviews, many thanks are owed to the
test-equipment companies willing to
entertain visits from our editors when
developing new products, and to com-
pany engineers and media profession-
als willing to even visit the magazine’s
editorial office with new equipment.
Such visits offer Microwaves & RF’s
editors the opportunity to “play” with
new test equipment and get a handle
on the important features beyond the
specifications, such as the ease of use of a
touchscreen display.

For many years now, our editors have
been fortunate enough to be able to
entertain some of the top T&M com-
panies in the RF/microwave industry
during the launch of a new test instru-
ment, enabling them to prepare product
reviews that are practical and useful to
our readers. Our thanks to them.

JACK BROWNE
TeECcHNICAL CONTRIBUTOR
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- Upgrade
Your Mixer

2GHz-14GHz,0dBm LO Drive

The LTC5549 microwave mixer upgrades your transmitter and receiver performance with a +22.8dBm IIP3 at 12GHz.
Its 0dBm LO drive and an on-chip frequency doubler eliminate the need for an external LO power amplifier and allow
use of commonly available low frequency PLL/synthesizers, reducing power consumption and solution costs — all in
a tiny 3mm x 2mm package that keeps your solution size small.

Demo Board WV Info & Free Samples
£

¢ +22.8dBm IIP3 at 12GHz Bt www.linear.com/product/LTC5549

¢ 0dBm LO Drive 1-800-4-LINEAR

e Upconversion or Downconversion

¢ _EOdBm LO Leakage L7,4 LT, LTC LTM, Lz‘nearvTechnoIogy and the Linear logo are
o Tiny 3mm x 2mm Package ot ademirts o he roverty of e e owers.
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QUALCOMM

BRANCHES

OUT AGAIN with Connected

Car Platform

alcomm, the biggest maker of smartphone chips,

s never disguised its ambitions to expand into new

i . The firm’s new wireless platform is another step in

that direction, allowing cars to connect with other vehicles,
the cloud, and infrastructure like signs and traffic lights.

In the shadow of high-profile experiments with machine
vision, automakers have been testing new wireless systems in
their cars. The systems are supposed to be almost telepathic,
enabling cars to spread alerts about an accident or tell other
vehicles that they are making a sudden stop. The point, auto-
makers and government officials say, is to alleviate traffic and
make driving safer.

The Connected Car Reference Platform, which will become
available in late 2016, is meant to serve as the nerve center for
connected cars. It contains multiple wireless chips for handling
all the data flowing into and out of vehicles. The device can
support include cellular networks, Wi-Fi, satellite navigation,

v

Bluetooth, and short-range protocols
to share location data
with nearby devices.

“It’s like a Swiss
Army knife,” said Paul
Sakamoto, chief .
operating offi-

Large automakers, incliding Genera < and Ford; arc e

their vehicles with the cloud and other cars on

develop. (Image courtesy of Ford)

cer at Savari, a Silicon Valley startup that plugged its connected
vehicle software to the platform for a recent demonstration at
the TU-Automotive conference in Detroit.

Using the platform’s hardware, software developers can
design custom applications, said Nakul Duggal, vice president
of product management at Qualcomm. Tapping into the Wi-Fi
chips, for instance, automakers could remotely update soft-
ware in cars to close security glitches.

With all the progress in developing autonomous cars, many
similar features are expected to become standard. In 2014,
the European Commission agreed on standards for vehicles
that “talk” with other cars and infrastructure. In the U.S,, the
Department of Transportation has said that a mandate for so-
called vehicle-to-vehicle communications should be in place
before President Barack Obama leaves office in 2017.

The new platform is the latest attempt to change course
at Qualcomm, whose business has revolved around mobile
processors and cellular modem chips. Over the last two
years, facing the prospect of slowing growth in the

= . smartphone market, the company has been aggres-
&
—m

sive in making new versions of its smartphone
chips for robotics, servers, and wearables.
But rethinking the business is not
coming easy. The company is
in the middle of a larger
(continued on page 26)

y“festing mach‘inelsion systems but are also workifng
11N TeomnT = o
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FINDING THE RIGHT BALANCE of Full-Duplex and Half-Duplex Radios

FULL-DUPLEX RADIOS, which can transmit
and receive signals on the same frequency
at the same time, have benefits that read
like the bottles of snake oil. They can
instantly double the data capacity of cel-
lular networks, and allow smartphones and
tablets to upload and download things like
videos simultaneously.

But the fine print warns of dangerous
side effects. These radios have a tendency
to absorb echoing signals from the trans-
mitter, vastly increasing the amount of
interference in the network. That, however,
is not an issue for half-duplex radios, the
hardware used in most cellular base sta-
tions and cell phones, which only send sig-
nals in one direction at any given time.

The interference problem has limited
the market for full-duplex radios, but half-
duplex radios are struggling with their own
demons. These systems provide only half
the spectral efficiency of their counterparts,
a fact that has spread concerns about a
wireless spectrum shortage.

Now, an engineering team from New
York University and Ireland’s Trinity College
has discovered how to extract some of
the benefits from both radios. The plan is
perhaps unique in its simplicity: build cellu-
lar base stations with both full-duplex and
half-duplex radios.

The idea, which was presented at the
International Conference on Communica-
tions in Malaysia last month, is to equip
small cells with both radios and then
activate them depending on the situa-
tion. Allowing wireless carriers to switch
between different configurations provides
trade-offs in network capacity and cover-
age, the research team said.

Headed by Shivendra Panwar, an
electrical engineering professor at NYU,
the team found that setting up the cellular
network with more full-duplex radios would
provide greater capacity, while dropping
more calls because of interference.

When the base station used more half-
duplex radios, the opposite was true:
lower capacity, but more reliable connec-
tions to the network.

GO TO MWRE.COM

A team from New York University and Ireland’s Trinity College plans to build cellular base sta-

tions with both full-duplex and half-duplex radios. (Image courtesy of NYU Tandon School of

The interference problem

has limited the market
for full-duplex radios, but half-
duplex radios are struggling
with their own demons.”

“The beauty of this system is that it's
tunable and would allow providers to
adjust the mix of cells based on the needs
of a region,” said Sanjay Goyal, a doctoral
student at NYU who helped author the
paper. The spectral efficiency of full-duplex
radios might be more useful in cities with
crowded airwaves, he said.

“If you’re designing an urban network,
the demand for bandwidth is much greater
than the need for wide-area coverage,” he
said. “More full-duplex cells would provide
that bandwidth, even at the cost of a few
more dropped calls.”

Along with Professor Nicola Marchetti
and doctoral student Carlo Galiotto, the
engineers tested the hybrid system in
modeling software, which uses algorithms
to show how each radio configuration
performed. The tests were carried out with

virtual cell phones and tablets that con-
tained half-duplex radios and antennas.
Full-duplex radios were not used because
they are too expensive and complex for
consumer devices, they said.

While the mixed system could work
for consumer devices, it will probably not
find support for connecting infrastructure,
like traffic lights and cars, or emergency
response teams that are increasingly
dependent on wireless service to get to
victims faster. In those cases, the reliability
of half-duplex radios could be more impor-
tant that greater capacity.

The interference within full-duplex radios
is the result of its tendency for signals to
echo into the receiver when the system is
in operation. That echoing can be vastly
more invasive than external signals wafting
into the receiver from other transmitters.

Mitigating that interference has been
at the heart of recent research into full-
duplex radios. Earlier this year, engineers at
Columbia University built a full-duplex radio
that could transmit and receive signals
through the same antenna simultaneously,
while suppressing the noisy echoes with a
special filter-like device.

Panwar uses the metaphor of people
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trying to talk and listen at the same time to
describe the limitations of full duplex. “Even
if you were capable of speaking and listen-
ing at the same time, everyone around

you would be doing the same thing,” he
said. “It would be impossible to tune out
that extra noise, and the same is true in a
full-duplex system. There are many more
outages and dropped calls due to the high
level of interference.”

Half-duplex radios abide by completely
different rules, splitting transmit and
receive duties. That can be carried out in
two ways. The first is frequency-division
duplex, in which transmission and recep-
tion are split into separate frequencies,
so that the signals cannot bleed into one
another to cause interference. The other
way is with time-division duplex, a pro-
cess that transmits and receives on the

same frequency but staggers the times
when they happen.

The research team also said that the
mixed-duplex system could give carriers
control over their download and upload
speeds. Because download traffic far
exceeds upload traffic on most networks,
the carriers could potentially enable faster
downloads while suppressing upload
times, the team said. ™

4G FINALLY TAKES SEAT at Wireless Throne

‘.a ‘1.

r

i

(Image courtesy of Thinkstock)

NEARLY SEVEN YEARS AGO, TeliaSonera flicked the switch
on the first commercial 4G LTE networks in Stockholm and
Oslo. There were few mobile devices that could access these
networks, and the event passed with little ceremony. But it was
the first step on a journey to 4G supremacy.

Later this year, revenue from 4G services will overtake those
from 3G operations for the first time, according to estimates
from Strategy Analytics, a research firm that tracks global wire-
less revenue. The analysts expect that 4G LTE services will yield
around $426 billion by the end of 2016, an increase of around
35% over last year.

It has been an ongoing process for wireless carriers and chip-
makers to phase out older wireless technologies. Smartphones
and other handheld devices still contain chips to access 2G and
3G networks, which were introduced in 1991 and 1999, respec-
tively. The devices simply switch between networks depending
on the radio equipment that covers the area.

These earlier generations are still widely used in develop-
ing countries in Africa, Asia, and the Middle East. According
to research from Ericsson, a wireless networking equipment
maker, 2G will remain the dominant form of cellular communi-
cation in these areas until around 2018.
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In other places, these networks are reaching their shelf life.
Major wireless carriers in the United States and South Korea
are in the process of shutting down 2G service and recycling the
spectrum for newer networks. In 2016, according to Strategy
Analytics, service revenue for 2G is expected to decline 21%,
while revenue from 3G networks will fall 19%.

As older networks shut down, 4G is filling in the gaps. “The
advanced markets of the U.S., Japan, and South Korea will see
the vast majority of their revenue come from 4G LTE services
this year; said Phil Kendall, an analyst with Strategy Analytics.

Kendall estimated that, in 2016, around 79% of service rev-
enue in North America would be linked to 4G networks. That
compares to 82% in Japan and 90% in South Korea, while the
Middle East and Africa would only have about 10%.

China is no slouch in this respect, even though 4G accounts
for only about half of its enormous cellular revenue. In late
2015, China overtook the United States as the largest market
for 4G networks, according to Strategy Analytics, thanks to its
vast smartphone market and the large chunk of its population
living in cities. ™

CARLISLE INTERCONNECTS Buys Cable
Maker Micro-Coax

CARLISLE RECENTLY AGREED TO acquire Micro-Coax, one
of the biggest makers of coaxial cable for transmit-
ting high-frequency radio signals. The company will
become part of Carlisle Interconnect Technologies, the
business unit that produces wiring and connectors for
microwave applications.

The deal unites two companies with very simi-
lar product lines. Both make shielded wire and
coaxial cable, in addition to other parts like connectors
and contacts. These products are primarily used to
connect radio transmitters and receivers with anten-
nas inside military electronics, satellites, automated
factory systems, airplanes, test equipment, and
medical devices.
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The terms of the deal were not
disclosed. Carlisle also acquired
one of Micro-Coax’s business units,
Kroll Technologies, which provides
electro-plating services and fabri-
cates extremely small metal parts
for a wide range of industries.

Based in Pennsylvania, Micro-
Coax has long been a major sup-
plier of semi-rigid coaxial cable, a
special type of transmission line
that severely limits the power lost
when signals pour into cables.
Semi-rigid cables have “the
advantage of the smallest possible
diameter, nearly 100% isolation,
and near-theoretical textbook
attenuation,” said Chris Kneizys,
Micro-Coax’s CEO, in a 2015 inter-
view with Microwaves & RF.

While both companies make over-
lapping products, the scale of their
operations are worlds apart. Carlisle
Interconnect Technologies, which
is organized under a holding com-
pany, generated revenues of $196.7
million in the first quarter of 2016,
according to government filings.
That represents nearly a fourth of
the holding company’s total revenue
for the quarter.

Micro-Coax, a privately-held firm,
only had annual revenues around
$45 million, according to a Carlisle
statement. Though small, the com-
pany was in the process of expand-

(Image courtesy of
Thinkstock)

ing before the deal. Last month,
Micro-Coax began growing its staff
(now standing at 235), hiring for
positions in manufacturing and
engineering to help transition into
new markets.

Micro-Coax was founded in 1962.
A.H. Mainwaring, the engineer that
invented the precursor to semi-rigid
cables, established the company as
a business unit of his first company,
Uniform Tubes. The firm’s first
major achievement came the fol-
lowing year, with the design of gold
jackets for the cabling inside the
first Apollo spacecraft.

Over the next 50 years, the com-
pany expanded into delay lines, con-
nectors, and specialized products for
shielding electromagnetic interfer-
ence. One such shielding technolo-
gy, Aracon, is a yarn-like conductive
fiber that can replace metal cable
and conventional braided shielding
in airplane electronics. Its natural
and synthetic fibers are treated to
conduct electricity, and the result-
ing yarn is stronger, lighter, and
more flexible than metal wire.

“We are excited about the acquisi-
tion of Micro-Coax, as the company
adds capabilities and technology
to strengthen our interconnect
products business in very attractive
sectors,” Chris Koch, Carlisle’s chief
executive, said in a statement. ™
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(continued from page 20)
restructuring that could cut 15% of its workforce to reduce
costs. Qualcomm has also been the target of anti-trust investiga-
tions in China, which hurt its massive licensing business there
and could lead to further ramifications.

Thus far, however, the automotive business has been a bright
spot. Qualcomm has sold over 340 million automotive chips,
mostly for telematics (like hands-free calling and navigation

systems) and infotainment (like Apple Car Play and dashboard
texting). Earlier this year, the latest automotive version of the
Snapdragon 820 chip was released with an integrated X12 LTE
modem for things like video streaming, voice recognition, and
real-time traffic updates.

Qualcomm is not without a wide audience for its latest plat-
form. The number of startups developing software for auto-
mobiles has ballooned in recent years, as automakers compa-
nies strive to make their vehicles more
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like smartphones. Hortonworks, for
instance, has adapted its software to
gather certain types of data from the
vehicle, including speed, location, and
safety responses like airbag deployment.
It stores that data in the cloud so that
automakers can analyze it, supplement-
ing data on everything from diagnostics
to driving habits.

Another startup, Movimiento, has
ported its technology to the platform for
automatically updating car software.
Using cellular networks to access the
cloud, automakers can update things
like the operating system in the dash-
board display, or even the software that
controls autonomous driving.

The platform can also support auto-
mated safety features and warnings.
Savari provides technology for dedicat-
ed short range communications, a wire-
less standard that has been widely used
to connect vehicles with their surround-
ings and other cars. This is known as
Vehicle-to-X or V2X communications
and Savari refers to it as sensor technol-
ogy, similar in nature to the machine
vision and radar sensors.

By sharing location data with other
cars on the road, Savari’s software can
warn drivers of a possible collision. Even
hardware in smartphones can be repro-
grammed to share data over DSRC, let-
ting cars know the location of people
walking around with phones in their
pockets.

It is like sensor technology that works
out of the car’s line of sight. “The big
advantage of DSRC is that it’s always
sending information,” said Savari’s
Sakamoto. “It’s proactive. We are get-
ting information ahead of obstacles on
the road” ™
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with

Ulrich L. Rohde,

Chairman, Synergy Microwave Corp.

Interview by JACK BROWNE

DRr. ULRICH ROHDE, chairman of Synergy Microwave Corp.
(www.synergymwave.com), is a major guiding educational
force in the RE/microwave industry through his textbooks and
extensive volunteer work with the IEEE, which includes chair-
ing technical sessions and judging student competitions. His
generous educational efforts were acknowledged recently
by the IEEE at the 2016 International Microwave Sym-
posium—he was given the prestigious 2016 MTT-S
Microwave Application award. This is just one of
the awards bestowed on Dr. Rohde by the IEEE
over the years, along with, for example, the 2014
IEEE IFCS Sawyer Award and the 2015 IEEE
IFCS Rabi Award.

His work on low-phase-noise oscillators and frequency
synthesizers is well known in the industry and has often been
covered by this magazine over the years. Dr. Rohde works closely
with his wife, Meta, who is president of Synergy Microwave
Corp. and manages the business end of the company, as well
as with Synergy Chief Scientist Dr. Ajay Kumar Poddar on the
technical direction of Synergy. Here are some highlights from
our recent conversation with Dr. Rohde:

Your textbooks have served as engineering resources for
many in this industry (for more on Rohde’s texts, see “A Look at
the Books” online at www.mwrf.com). How do you find time to
keep them up to date?

Rohde: Given my advanced age, various sections in the books,
such as the frequency synthesizer text with circuits based on
discrete components, must be updated. I am in the process

of working out arrangements with young professionals and
scientists from the industry, and the publisher of the book, John
Wiley & Sons, to update that book. This arrangement will allow

GO TO MWRE.COM

me to still be involved with the quality of the text, but they will
receive the royalties for their efforts in updating the book.

Updating is necessary because of the constant turnover of
electronic parts. Say, for example, that you are working on
a frequency-synthesizer design and you use an application
note based on a certain set of components, and then they
are no longer available. If no other available components are
compatible, there is the difficulty of having to reproduce that
synthesizer using other devices. The synthesizer textbook
teaches engineers to think about what is really going on with
these circuits and how to optimize the design. All of the
mathematics required for designing synthesizers from scratch
are in this book.

A critical component in many synthesizer designs is the
transistor and many semiconductor manufacturers have
stopped making discrete transistors for various reasons. And
when they make a next-generation device, it may not have the
same phase-noise characteristics as the previous-generation
device. As a result, an oscillator or synthesizer design based
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on the original device must now be
modified to achieve the same perfor-
mance with the new device.
Can younger engineers rely too much
on software design tools? Should they
spend some time learning the essential
education in these books?
Rohde: You should have both, with the
appropriate textbooks to reinforce work
performed on modern software tools.
How long does it take to write one of
these text books?
Rohde: The first edition took 18
months. The book came out of my
teaching at George Washington Uni-
versity. The graphics are the biggest
problems for me, since I don’t have
the proper tools for creating schematic
diagrams for these books. Nowadays,
book publishers want you to provide
camera-ready pages, and I simply don’t
have the means to properly generate the
types of schematic diagrams and graphic
files they would like.
Synergy Microwave Corp. is well
known for low-phase-noise oscilla-
tors and frequency synthesizers. Are
there challenges in trying to measure
such low levels of noise, as in having
test equipment that is noisier than the
sources you are trying to measure?
Rohde: This is a political question.
Around 1982, when I worked at RCA
Laboratories, I developed an algorithm
for signals that can find the carrier in the
noise. Using correlation, I was able to
regenerate a carrier from the noise. But
this is a calculation, and not a measure-
ment. Modern phase-noise equipment
has been developed for this purpose,
but it is important to separate what is
measured from what is calculated. If you
can show -190-dBc/Hz phase noise on
an instrument display at 0-dBm input,
this is not measured, this is calculated.
Mathematically, you can predict
certain behavior, and you can calculate
low levels of noise. You cannot measure
below kTB. The Nyquist-Johnson noise
power sets the limit that you can mea-
sure. That is your lower limit on noise
measurement, where kT is -174 dBm. If
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it is a single sideband measurement, it is
3-dB less, or —177 dBm. This is the best
you can measure, with another 3 dB, to
reach a noise floor of -180 dBm. Math-
ematically, you can get an additional 10
dB by means of calculation to reach a
noise floor of 190 dBm. But any levels
shown by test equipment to be that low
are not measured, they are calculated.

One of the problems with such cal-
culated results is that crystal-oscillator
manufacturers will claim to have oscil-
lators that are capable of these incred-
ibly low phase-noise numbers, but they
are not real, they are not measured,
and the oscillator cannot achieve those
low levels. The best number you can
measure is —177 dBm, which is single
sideband. And that’s really -174 dBm
for double-sideband noise, plus another
3 dB for the active gain of the transis-
tor in the crystal oscillator, to reach a
limit dictated by physics of ~180 dBm
for single-sideband noise. These are the
limits of physics, but no one has ever
published this in these terms.

Has today’s test equipment reached an
upper limit on performance, or is there
room for improvement?

Rohde: It depends on what you want to
measure. As far as cellular telephones,
which are the largest market for high-
frequency test equipment, some compa-
nies test everything, while some only test
about 10% of their products.

Many people are now talking about
the fifth generation (5G) of cellular ra-
dio, but the standard is not defined yet.
So how can you build test equipment for
a standard that is not yet defined? The
way out of this is to take a vector signal
generator and an arbitrary waveform
generator and mix them together with
in-phase (I) and quadrature (Q) signal-
generation capability. Therefore, with
these three techniques, you can essen-
tially generate each and every waveform
that you want and whatever will eventu-
ally be part of the 5G standards.

In terms of phase-noise measure-
ments, there is a lot of “hocus pocus”
in the industry regarding the way that

different instruments measure phase
noise. These instruments have a lot of
intelligence and it can get tricky to use
them when you program them incor-
rectly. You can get almost any number,
although it may not be the correct an-
swer. Ajay has a paper that we published
where there is a fair comparison about
the results of who does what in the mar-
ket for phase-noise measurements.

We have phase-noise measurement
equipment from a number of manufac-
turers. So if someone wants to compare
measurements they made, for example,
on an instrument from one particular
manufacturer, whether it be from, say,
Keysight Technologies or Rohde &
Schwarz, we have the same equipment
in-house and can compare measure-
ments. I think this is politically and
practically important to some customers
to show that I am not playing any games.

Currently, I am supervising several
PhD dissertations. One of them is on
crystal oscillators. As of today, Wenzel
has the world-leading crystal oscilla-
tors, and they may believe that we are in
volume production of crystal oscillators,
but we are not. We don’t have the facili-
ties or the capabilities for that. Rumor
has it that they are more irritated than
fearful of us.

We built some systems in-house
where we needed specific crystal-
oscillator requirements. For the few
pieces we needed, they would charge too
much. So, it is better we develop these
things ourselves. We indicate that we
have them if someone wants them, but
we are not in the business of making
and selling crystal oscillators. That is an
important message to the industry. If
you do it right, you have to make a few
hundred pieces per week or something
like that. We simply don’t have the facil-
ity or the number of people or the burn-
in ovens and other equipment needed
to do this. I am not a threat to anyone in
the crystal-oscillator marketplace.

You work at Synergy with your
wife, Meta, and a very talented chief
scientist, Ajay Kumar Poddar. When
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a customer brings a new problem, do
you consider it separately or do you
look at it as a team?

Rohde: Ajay’s educational background
in mathematics is better than mine. He is
much better educated in advanced math-
ematics than I have had the opportunity
during my university time decades ago.
In some areas, I have more practical
experience. So, we pool our knowledge.

My wife, Meta, handles the business
side of things at Synergy, and she comes
into play because the customer is also
concerned with cost. A customer may
need an oscillator with a certain set of
requirements, so it is necessary to take a
parts count and see what needs to be in
the design to make this possible.

Let’s assume that the parts count
comes to a total of $200,000 for the bill
of materials (BOM). You have to assem-
ble it, test it, sell it to a distributor—you
have all kinds of costs associated with it.
You need a factor of three to four above
the BOM and then, if you are lucky, you
might make 20% profit after everything
is said and done. There is a market price
and there is a production price, and
there are certain designs where even
for a small company, it is not possible
to produce something for any kind of
reasonable margin.

What is fascinating is that the cus-
tomer may then lower their specifica-
tions. Then, our advantage of having a
superior product is gone because with
10-dB worse performance compared to
the original specifications, everyone can
do it. So it is not always a blessing to be
the best at something. Sometimes you
lose in spite of better performance.

As a team, my wife and the people
who manufacture these things in house
have an equal say in what we do. Ajay
and I can define the architecture, and
what is in it and what is possible, but
this is not necessarily the part that earns
the business. The winning part is not to
leave money on the table. Some of my
competitors are so eager to get a par-
ticular order that they are selling below
cost. We do not do this here. I would
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rather not have the order.

We have had this company since
the 1980s. We have had good years,
excellent years, and difficult years. But
the important thing is that we have no
liabilities. This company doesn’t owe
any money to any bank; everything is
paid for. We have a stable war chest
and don’t need to report to anybody.
There are no quarterly pressures. We
have about $10 million worth of test
equipment. We are not pressured by
shareholders. If you buy something
from us, it’s good. It has been tested and
we know that it works.

Synergy is in many different markets.
Can the stability of the company be at-
tributed to this market diversity?
Rohde: We also help some other com-
panies. There have been cases where
some well-known companies couldn’t
measure something. We had defense
companies and these other custom-
ers come to us. As you can see, we are
well-equipped with test equipment,
and we have our own Faraday cage
for particularly sensitive and difficult
measurements.

We have been able to measure some
things that other people could not be-
cause they couldn’t afford some of this
equipment. As a result, these defense
companies now come to us, noting that
we are so well-equipped and so capable.
This actually helped us by helping other
companies, getting business by helping
these companies. There is very little that
we cannot measure. We are equipped to
measure up to 120 GHz. Not everybody
can do this.

Our industry likes to switch technolo-
gies and “falls in love” with the latest
great thing, like gallium nitride (GaN).
Does this switching of technologies,
such as from silicon bipolar to GaAs to
GaN, pose a problem for you, whereby
something might become obsolete?
Rohde: Gallium nitride is for power
transistors. GaN has excellent thermal
conductivity, so it can get rid of the heat
better than some other semiconductor
materials. And it can run at higher volt-

ages. By itself, it can make a nice device.
The flicker corner frequency of these
things is fairly high.

If you take smallest device you can
find, and use it as a low-noise preampli-
fier, the nice thing about it is that it can
withstand high pulses. A typical radar
system of conventional design needs a
limiter, so you have to have a few diodes
up front. Therefore, if you have a strong
signal in your antenna, it can burn out
your preamplifier. But by using a GaN
preamplifier, it is almost indestructible.
With GaN, you can eliminate these
limiters, and the circuit design thus
becomes easier.

I am not in this area, but I wish some-
one would make a low-noise GaN pre-
amplifier for 10-mW or maybe 100-mW
output power to help simplify the radar
design. I don’t think low-power GaN
devices will be going anywhere anytime
soon, and there will not be any immedi-
ate successors to GaN. So I would like to
see someone come up with a really low-
noise preamplifier based on GaN.
Synergy is well known for “pushing
the limits” in terms of technology
advances, certainly in phase noise. Are
you involved in any other development
projects?

Rohde: We are well aware of the need
for conversation of energy, and are
involved in next-generation energy-
saving electronic circuits and systems
based on energy-harvesting techniques.
We are exploring Mobius technology
for sensor applications, too, as well as
negative-index Mébius technology

for use in 5G wireless systems and for
Internet of Things (IoT) applications. In
connection with expected requirements
for 5G and IoT, we are also investigat-
ing RF microelectromechanical-systems
(MEMS) components incorporating
repulsive Casimir effect approaches for
improved switching performance. In ad-
dition, we are studying anti-gravity tech-
nology based on negative-index material
and thermally stable, tunable, optoelec-
tronic oscillator circuits to 500 GHz for
terahertz and other applications. I
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R&D Roundup

TRANSMITTER ARRAY
HELPS DETECT GAS AT 245 GHz

ERAHERTZ FREQUENCIES ARE
becoming more achievable with
improvements in semiconduc-
tor materials and processing. Such high
frequencies have tremendous benefits
for medical treatments and in different
types of sensors, such as gas sensors. To
offer a hint of some of the uses for high-
er-frequency signals, researchers from
several German institutions, including
THP, developed a transmitter array based
on silicon-germanium (SiGe) BiCMOS
semiconductor technology. The function
blocks included a transmitter, receiver,
and a gas Golay absorption cell fabricated
in 0.13-um BiCMOS with SiGe:C hetero-
junction bipolar transistors (HBTs) char-
acterized by transition frequency of 300
GHz and maximum frequency of oscilla-
tion of 500 GHz.
The transmitter array was designed
with four transmitters for spatial power

combining. Each includes a two-stage
power amplifier, a frequency doubler,
and an integrated antenna. The inputs
of the transmitters are connected to a
Wilkinson power divider, which is fed
by a local oscillator (LO). The LO is a
120-GHz  voltage-controlled  oscilla-
tor (VCO) and 1/64 frequency divider
with two-stage differential amplifier and
external phase-locked loop (PLL). The
companion antenna array integrates with
the transmitters by means of microstrip
interconnections on a silicon substrate.

A commercial test receiver was used
to measure the signal levels from the
transmitter array, and the estimated gain
based on measurements was 6 dBi at 245
GHz. See “245-GHz Transmitter Array
in SiGe BiCMOS for Gas Spectroscopy,”
IEEE Transactions on Terahertz Science
and Technology, Vol. 6, No. 2, March
2016, p. 318.

NOVEL MODULATION APPROACH SHRINKS

KA-BAND RADAR

ADAR SYSTEMS ARE employed

in far more applications than

“just” on the battlefield. Mod-
ern weather forecasts, for example, are
based on commercial weather radar
systems, while many modern automo-
tive collision-avoidance systems are
now based on millimeter-wave radar
systems. Implementing such systems in
practical and affordable solutions, how-
ever, has long proven challenging for
high-frequency system engineers; the
size and costs of components required
to achieve the wideband in-phase/
quadrature (I/Q) modulation in such
systems are prohibitive. Fortunately, re-
searchers at Caltech, involved in design
work for NASA’s Jet Propulsion Labo-
ratory (JPL), developed a novel modula-
tion scheme for a Ka-band precipitation
profiling radar system. This approach
makes it possible to significantly shrink
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the size of the system compared to con-
ventional designs.

The modulation scheme uses pulse
compression and direct I/Q upconver-
sion to overcome some classic problems
of I/Q mixers, both in terms of gain and
phase imbalances between channels, and
leakage of the local-oscillator (LO) sig-
nals required for frequency upconversion
from baseband modulated signals. By
adopting a direct-conversion architec-
ture, the new approach reduces the com-
ponents required in the radar system.
Through optimum selection of transmit
signals and digital signal processing, the
system minimizes sensitivity to LO leak-
age and image generation. The system is
able to achieve high-purity signals with
exceptional side-lobe suppression. See
“Offset IQ Modulation Technique for
Miniaturized Radar Electronics,” NASA
Tech Briefs, April 2016, p. 36.

MEANDER-LINE

DIPOLE SERVES
SMART SENSORS

INCREASING USE OF smart meters
and Internet of Things (loT) devices
will erode limited bandwidth. Lower-
frequency bands at 450 MHz are
available for smart-metering appli-
cations, but lower frequencies im-
ply larger wavelengths and larger
antennas; these may not always be
compatible with meters and sensors
designed to be inconspicuous. To
provide a solution, researchers/de-
signers from different organizations in
Dublin, Ireland proposed a folded me-
andering monopole antenna capable
of receiving signals within the 410- to
470-MHz UHF range. The antenna
is printed on low-cost, double-sided
FR-4 printed-circuit-board (PCB) ma-
terial. The antenna is located on the
corner of a rectangular ground plane
measuring 130 x 70 mm.

The compact UHF antenna design
was fabricated, tested, and simulated
with commercial simulation software.
The movable aluminum via slider,
which controls the resonant frequen-
cy, allows tuning at any frequency
across the frequency range. The
antenna design provides a tunable
bandwidth of 409.5 to 481.1 MHz,.
The antenna was simulated alone
and as an installed component of a
system, using different orientations of
the antenna ground plane in the mod-
els. Although there was some shift in
center frequency as a result of the
change in ground-plane orientation,
the omnidirectional antenna provides
a stable radiation pattern across its
tunable bandwidth with measured ef-
ficiency of 21%. See “Folded Mean-
dered Monopole for Emerging Smart
Metering and M2M Applications in
the Lower UHF Band,” IEEE Antennas
& Propagation Magazine, Vol. 58, No.
2 April 2016, p. 60.

JULY 2016 MICROWAVES & RF



TINY -
Wideband

Transformers&Baluns!

NOW!

4 kHZ = 186HZ From QQg:qty.zm

To support an even wider range of applications, Mini-Circuits tiny surface-mount transformers and
baluns now cover frequencies from 4 kHz up to 18 GHz! Our latest designs achieve consistent performance
across very wide frequency bands, and our baluns have demonstrated great utility for use with chipsets.
With over 250 trusted models in stock representing a wide selection of circuit topologies and impedance
ratios, chances are, we have a solution for your needs!

Our Low Temperature Co-Fired Ceramic (LTCC) models provide reliable performance in tough operating
conditions, tiny size — as small as 0805 — and very low cost. All core-and-wire models are available with our
exclusive Top Hat® feature, improving pick-and-place accuracy and throughput. We even manufacture

our own transmission wire under rigorous control and use all-welded connections to ensure reliability and
repeatability you can count on. ”

Visit minicircuits.com and use Yoni2®, our patented search engine !. f 1/'

to search our entire model database by performance criteria and ol -

find the models that meet your requirements. Order today and have g%,,x o15e QSS 0,05 gggf 0.10"
them in hand as soon as tomorrow! Cost-effective custom designs ' Ceramic Ceramic
and simulations with fast turnarounds are just a phone call away! (% rots compiiant.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com

528 rev A


http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com

The Right RF Parts.

Right Away.

LS TE T rTR——

@ | (9 fainvew microwave % & @A 4 | =

(€)@ www fairviewmicrowave.com

™0 ltems in Cart | ) Login

I..
Fairview M‘C’mwva"p €. ! (O Live Chat | $1-800-715-4396

H RF COMPONENTS ON DEM

© New Products © Adapters © Aamplifiers © Attenuators © Cable Assemb!
L
N
B e N
/e %’ ;
© Terminations © Isolators © Circulators

o
T
-

© Antennas © Bias Tees © Shorts & RF Caps

.....

We’re RF On Demand, with over one million RF and microwave components in
stock and ready to ship.You can count on us to stock the RF parts you need
and reliably ship them when you need them. Add Fairview Microwave to your

team and consider it done.

fairviewmicrowave.com )]
1.800.715.4396 e E%&ﬁ%%%‘%! M&&Eﬁygﬁ!


http://fairviewmicrowave.com

Special Report
CHRIS DeMARTINO | Technology Editor

AR

TECHNOLOGY

Encroaches Upon New Territories

As radar systems utilize more advanced technology, companies must respond with the
simulation and test products needed to both design and test modern radar systems.

adar technology has grown
in complexity, with a number
of advanced techniques now Precise

being utilized. For example, frequency and

complex modulation schemes have found time
their way into radar applications. These tech-
niques and others have prompted suppliers of

) ) View agile
test-and-measurement equipment to deliver

behavior in time,
frequency, and

products to satisfy today’s radar test require- ¢
amplitude

ments. With recent innovations in test, as
well as simulation, radar is quickly advanc-
ing to provide heightened capabilities and
advanced features. of Tektronix)
RADAR TEST SOLUTIONS

Suppliers of test-and-measurement equipment must pro-
vide the tools to satisfy today’s radar test needs. One com-
pany that offers both hardware and software solutions to meet
these challenges is Tektronix (www.tek.com). “Radar-system
designers are turning to techniques such as ever-more com-
plex modulation, pulse compression, and frequency-hopping
schemes—all of which place significant requirements on the
test equipment used to design, test, and characterize these
complex systems,” says David Taylor, a technical marketing
manager with the firm.

“To meet modern radar and electronic-warfare (EW) test
challenges,” adds Taylor, “test solutions must provide simul-
taneous, multi-domain operation, combining sophisticated
signal detection, acquisition, and analysis capabilities in the
time, frequency, and modulation domains. Test solutions must

GO TO MWRF.COM

measurement of —{__]

Correlated
markers among
all displays

Understand
|—spedru| behavior
over time

1. SignalVu software provides a solution for frequency-hopping testing. (Courtesy

also be capable of generating complex high-bandwidth signals
so designers can test systems under more realistic conditions”

Meeting current radar test requirements involves more than
just hardware. Software is also counted on to analyze and test
today’s radar systems. “Increasingly, modern wideband and
frequency-hopping radar systems require the use of auto-
mated analysis and visualization software solutions,” says Tay-
lor. “With the growing complexity, automated measurement
solutions have migrated from being a convenient time-saver
to becoming a fundamental requirement for successful radar
system design. One example is trend analysis that can involve
dozens of pulse parameter measurements on thousands of
pulses—it’s simply not feasible to setup and perform these
measurements manually”

Radar designers can take advantage of a variety of tools
from Tektronix. “For signal-generation needs, our arbitrary
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Radar Advances

2. This radar target simulator can operate to 40 GHz. (Courtesy of Eastern OptX)

waveform generators (AWGs) offer extremely wide modula-
tion bandwidth and deep memory combined with compre-
hensive waveform generation software,” continues Taylor.
“Our spectrum analyzers offer simultaneous multi-domain
operation combined with high dynamic range. These are com-
bined with oscilloscope-based solutions with up to 70-GHz
bandwidth for capturing the widest RF events. And with the
addition of SignalVu software (Fig. 1), we provide a common
vector-signal-analysis (VSA) user interface and feature set
across all our instruments”

RADAR TARGET SIMULATION

By utilizing a radar target simulator, radar designers and
system test engineers can create full simulations of moving tar-
gets. Such capability is achieved by the new Series 1100 radar
target simulator (Fig. 2) from Eastern OptX (www.eastern-
optx.com). The Series 1100 receives a transmitted signal from
a radar system and adds the round-trip propagation delay
associated with the target distance. Next, that signal is output
to the radar receiver. The radar input/output (I/O) can be con-
nected directly to the Series 1100 or, alternately, user-specified
antennas can be utilized for receiving and transmitting. For a
moving target, the system will add the appropriate Doppler
shift associated with the target speed and radar frequency.

“The problem that radar-system test engineers have is repro-
ducing targets as they would appear in the real world,” says Joe
Mazzochette, general manager at Eastern OptX. “There are a
number of ways to create these targets with electronic simula-
tions. However, our approach is to re-create the propagation
path that the radar system would see in the real world.

“The test system must be capable of responding very quick-
ly so it can reproduce fast targets with high refresh rates,” adds
Mazzochette. “Of course, it has to be accurate. And it has to
be capable of accommodating any sort of radar signal format,
including pulse, continuous-wave (CW), frequency-agile, and
adaptive systems. The Series 1100 test system is a single turn-
key box that can be programmed to re-create simulations with
very high refresh rates. It can re-create very-high-speed targets
(or even very-low-speed targets)—anything from an animal
crawling along the ground to the replication of a mortar fire”
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The Series 1100 can cover frequencies as high
as 40 GHz while achieving greater than 100 dB of
dynamic range. It operates with pulsed, frequen-
cy-hopping, or CW radars, with any encryption
or modulation scheme. Target distances can range
from 1 to 100,000 meters. Furthermore, the Series
1100 radar target simulator offers expandable
range and operation modes to accommodate new
system designs. Applications for these test systems
include phased-array radar systems, tracking and
surveillance, and more.

DESIGN SOFTWARE FOR RADAR SYSTEMS

Designing a radar system can be challenging because it
involves the analog, digital, and RF domains. A complete
system covers everything from the antenna array to radar
signal-processing algorithms. As a result, there is a need for
modeling and simulation software at different phases of the
development cycle.

“Radar technology advancement is one of many trends
that we expect will encourage component- and system-level
designers to rethink their approach to new product devel-
opment,” says Ken Karnofsky, senior strategist for signal-
processing applications at MathWorks (www.mathworks.
com). “From a designer’s perspective, radar requires expertise
across different engineering areas. These areas include digital
signal processing (DSP), RF, and antenna design—a collection
of skills that a single engineer rarely possesses. Rather, these
complementary talents require underlying modeling, multi-
domain simulation, and prototyping tools that provide a com-
monly understood development platform, in order to enable a
clean handoff at each stage of the design workflow—regardless
of the engineer’s specific role”

MathWorks is fostering radar-system design with a col-
lection of tools that includes MATLAB and Simulink, as well
as the Phased Array System and Antenna Toolboxes. “Using
certain design tools, such as algorithm development software,
will help to bridge the technical divide and accelerate the use
of simulation and rapid-prototyping environments to enable
today’s design teams to work more efficiently and effectively,”
notes Karnofsky. “Companies like MathWorks must match
these rising expectations placed on engineering teams with
well-integrated design tools. These tools must enable rapid,
efficient prototyping, and yield code that can then be imple-
mented at both the conceptual and production phases of
product design”

To summarize, it is clear that radar technology has sig-
nificantly increased in complexity. In response, companies are
providing cutting-edge design and test solutions to meet these
advanced demands. Expect to see suppliers of design and test
products continue to rise to the occasion to meet the needs of
current and future radar technology. il
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Output power up to 100W with consistent performance across a wide frequency range for a fraction of the
cost of competitive products! Mini-Circuits’ new HPA-272+ high power rack mount amplifiers are ideal for a wide
variety of high power test applications including EMI, reliability testing, power stress testing, and burn-in of multiple
units at once. This model provides 48 dB gain with +1.7 dB gain flatness over its entire frequency range and 89 dB
reverse isolation. Housed in a rugged, 19-inch rack-mountable chassis, the amplifier operates on a self-contained
110/220V power supply and includes internal cooling, making it easy to use in most lab environments. Extensive
built-in safety features include over-temperature protection and the ability to withstand opens and shorts at the
output.” They’re available off the shelf for an outstanding value, so place your order on minicircuits.com today for
delivery as soon as tomorrow!
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Engineering Essentials
JACK BROWNE | Technical Contributor

Making Opfimal
Coaxial Connections

Coaxial cable assemblies must route high-frequency signals through many shapes
and diameters, all the while maintaining signal integrity and minimizing losses.

COAXIAL CABLE ASSEMEBLIES fit many applications, from
connecting signals generated by antennas to receivers and
transmitters in communications systems, to transferring sig-
nals in test systems. No single cable assembly type fills all
requirements, especially with the plethora of connectors and
frequency bands in use in RF/microwave applications.

Although they require mechanical mating at input and
output ports, the best coaxial cable assemblies are electrically
invisible, with minimal degradation of signal amplitude and
phase. Choosing a cable assembly, as with many high-frequency
components, usually comes down to price, performance, and
durability—especially for cables expected to have long lifetimes.

Cable assemblies (see figure) can be rigid or flexible, enabling
them to be used both for applications that require no bend-
ing and those that call for some (or possibly many) flexures.
Some cables, such as those that are part of an automatic-test-
equipment (ATE) system, may need to undergo thousands of
flexures, ideally with minimal changes in amplitude and phase
responses versus frequency.

Some cables, such as semirigid cables, provide a limited
amount of flexure for making connections in a specific con-
figuration. Other cable assemblies, such as those based on
hand-formable cables, can be flexed numerous times, bent
into a required shape, and hold that shape until bent again.

Coaxial cable assemblies generally consist of several com-
ponents, including input and output connectors (not neces-
sarily the same type of connector); inner and outer conduc-
tors; a dielectric insulating layer between the conductors; a
conducting shield to minimize electromagnetic interference
(EMI) and radio-frequency interference (RFI); and possibly
a nonconducting shield around the outer conductor for envi-
ronmental protection.

Stranded center conductors are used for maximum flexibil-
ity. When less flexibility is required, higher performance (less
loss) can be achieved with a solid wire center conductor based
on conductive metals such as bare copper or copper-clad alu-
minum. To minimize loss at higher frequencies, silver-plated

GO TO MWRF.COM

Coaxial cable assemblies are available in many diameters and con-

nector terminations for applications from RF through past 110 GHz.
(Photo courtesy of Times Microwave Systems)

copper wire (SPCW) or silver-plated copper-clad steel center
conductors may be used.

Flexible cables are noted for their ease of installation, espe-
cially for tight connections, but they have their drawbacks.
One involves flexible cables that use a braided shield. Since it
is not a smooth surface, bending can result in variations in the
cable’s electrical characteristics.

Variations can also result when bending cables with strand-
ed inner conductors employed for maximum flexibility. Such
electrical variations with bending can be minimized by using a
solid conductor with a coating that smooths surface imperfec-
tions, or the use of a film shield within a braided shield, at a
cost of loss of flexibility.

As with any RF/microwave electronic component, coaxial
cable assemblies are characterized and compared by a set
of electrical, mechanical, and environmental specifications.
Since many variables are involved in the construction of a
coaxial cable assembly—e.g., length, connector types, diam-
eter, power-handling capabilities, and operating-temperature
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Coaxial Cable Assemblies

range—some cable suppliers provide online support in the
form of cable-assembly guides.

W.L. Gore & Associates (www.gore.com) offers an RF/
microwave cable-assembly calculator that prompts a user to
enter requirements for frequency range, length, operating
temperature, and even maximum altitude. Cables will then
be configured with various diameters of solid or stranded
conductors for applications through 67 GHz. The firm also
supplies the Gore PHASEFLEX line of test cable assemblies,
which operate to 110 GHz.

In addition, long-time cable supplier Micro-Coax (www.
micro-coax.com) features a handy insertion-loss calculator
on its website. It allows specifiers to assemble a cable assembly
with desired input and output connector types and choice of
coaxial cable. A user can then precisely determine the inser-
tion loss (in dB for a given frequency) of the cable assembly,
as well as the attenuation (in dB/100 ft) for a particular fre-
quency of interest.

Some cable requirements are quite simple and may even
tolerate some amount of loss over the operating-frequency
range. Essential electrical characteristics include maximum
operating frequency, impedance (typically 50 or 75 ), inser-
tion loss, return loss or VSWR, shielding effectiveness (SE),
power-handling capability, minimum bend radius, and oper-
ating-temperature range.

A cable assembly with a small minimum bend radius, for
example, may allow a flexible or hand-formable cable to com-
plete an interconnection in a tight place. On the other hand, a
cable assembly not capable of the small bend radius would not
be able to be formed into the configuration that is required for
a tight interconnection.

Just how small a minimum bend radius for a flexible or hand-
formable cable should be will depend on a particular applica-
tion. For space-related applications, NASA has recommended
(per NASA-STD-8739.4,7.3.21) that the optimal bend radius of
a single, flexible coaxial cable should be 10 times the diameter
of the cable, or six times the diameter of the cable when form-
ing and integrating the cable assembly into a system. Forming
mandrels are usually advised when making an extremely tight
bend radius. Some cable suppliers, such as Huber + Suhner
(www.hubersuhner.com) with their 65-GHz-capable Minibend
cables, can achieve a bend radius as small as 0.06 in.

Some applications, such as in test systems, may require that
performance is evaluated as a function of flexure or time—for
instance, changes in amplitude response over frequency with
flexure and changes in phase response with frequency as a
result of flexure. In some cases, the instance of flexure may
occur only occasionally, such as when making connections to
different test fixtures. Other applications may involve continu-
ous flexure, such as when a device under test (DUT) is being
constantly shifted during measurements (e.g., antenna radia-
tion pattern testing).
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Suppliers of flexible cables for test applications typically
develop methods for evaluating their cables and cable assem-
blies both in static and dynamic cases. For example, Mini-
Circuits (www.minicircuits.com) supplies CBL Series test
cables for use in laboratory environments with the under-
standing that the cables will undergo some amount of bending
with normal use.

To characterize changes in performance with flexure, the
company developed a test technique in which various bend
radii are applied to a 3-ft. cable assembly, and the changes in
insertion loss, insertion phase, and VSWR are measured and
normalized to the performance at a reference position for the
same cable assembly. The CBL test cables are characterized
for repeatable performance for as many as 20,000 flexure
cycles per cable.

While no standards exist for coaxial test cable assemblies for
amplitude and phase stability with flexure, amplitude stability
of 0.5 dB and phase stability of +2 deg. would be adequate
for most test applications. Of course, both parameters will be
highly dependent on frequency, with high stability more dif-
ficult to achieve at higher frequencies.

Such cable-assembly characteristics are critical in test
applications, because cables become part of the test system
and can contribute to the measurement error of a vector
network analyzer (VNA) that is being used to measure the
amplitude and phase responses of other microwave compo-
nents. For critical test applications, such as with VNAs, cable
assemblies can be specified as phase-matched sets and with
absolute or relative time-delay matching for two or more
cable assemblies.

Cables assemblies are available with right-angle connectors
and blind-mate connectors to simplify installation, typically
at frequencies to 18 GHz, while rugged, larger connectors,
such as BNC and Type N connectors, may be better suited
for lower-frequency applications. As a starting point, the fre-
quency range will determine much of the construction details
of a coaxial cable assembly, including the connector options
for a given high-end frequency.

As frequencies increase to the millimeter-wave range, avail-
able connectors shrink, which diminishes the number of
connector and cable options. Connector dimensions, such as
those for 3.5- and 2.4-mm connectors, shrink as a function of
wavelength and shrink with increasing frequencies.

In addition to operating temperature range—like the
extreme range of —55 to +125°C—environmental factors that
contribute to the selection of a cable assembly include humid-
ity, shock and vibration, and altitude (for use in airborne sys-
tems). Ruggedized cables with armored jackets are also avail-
able for use in harsh conditions, as are space-qualified cables.
The latter typically undergo thermal vacuum testing to qualify
the cable assemblies for high-reliability applications, such as in
space systems. it
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40 GHz
(KBL-Series)

Precision 75Q
(CBL-Series)

Precision 50Q
(CBL-Series)

Armored
(APC-Series)

TEST CABLES,,. %

Reliability You Can Trust... w.®

Why do 10,000 customers trust Mini-Circuits
test cables? Because they simply don’t faill Our
test cables have been performance qualified
to 20,000 flexures* and come backed by our
6-month product guarantee™, so you can be
confident you’re getting rugged construction,
reliability, and repeatable performance you can
depend on. Whether you’re performing production

Ultra-Flexible
(ULC-Series)

Flexible
(FLC-Series)

ea. (qty.1 -9)

test, burn-in, over-temperature testing, hi-rel testing
— you name it — chances are there’s a Mini-Circuits
test cable for your application in stock, ready for
immediate shipment. Order some for your test
setup at minicircuits.com today, and you’ll quickly
find that consistent long-term performance, less
retesting and fewer false rejects really add up to
bottom-line savings, test after test!

Model Freq.
Family Capabilities (GHz) Connectorst
KBL Precision measurement, including phase, through 40 GHz DC-40 2.92mm
CBL-75+ Precision 75Q measurement for CATV and DOCSIS® 3.1 DC-18 N, F
CBL All-purpose workhorse cables for highly-reliable, precision 502
measurement through 18 GHz DC-18 SMA, N
APC Crush resistant armored cable construction for production floors
where heavy machinery is used DC-18 N
ULC Ultra-flexible construction, highly popular for lab and production test
where tight bends are needed DC-18 SMA
FLC Flexible construction and wideband coverage for point to point
radios, SatCom Systems through K-Band, and morel! DC-26 SMA
NEW! VNAC Precision VNA cables for test and measurement equipment through 40 GHz ~ DC-40 2.92mm
(MtoF)

* All models except VNAC-2R1-K+

**Mini-Circuits will repair or replace your test cable at its option if the connector attachment fails within six months
of shipment. This guarantee excludes cable or connector interface damage from misuse or abuse.

1 Various connector options available upon request.

Contact apps@minicircuits.com to discuss your special requirements.
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1. The ECU for a 77-GHz radar targeting ADAS systems has a higher level of complexity.
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Radar sensors are finding their way into more applications than ever thanks
to technology advances that have reduced size and volume-production cost.

WITH CHIP-SCALE SYSTEMS available both in micro-
wave and millimeter-wave frequencies, commercial
adoption of radar sensors for industrial, transportation,
and consumer applications has sharply risen. In many
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ways, it is a familiar story of silicon integration, and we
can see how issues such as form factor and power con-
sumption are addressed in successive design iterations.
Most publicly recognized work in compact radar sys-
tems has centered on automotive
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of the 1990s as a premium feature
in luxury cars, applications have
evolved from warning systems to
active driver assistance.

Installed in about 10% of vehi-
cles on the road today, radar-based
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driver assistance is now common-
ly available in both high-end and
mid-priced autos, and well on its
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way to becoming standard equip-
ment. As the industry integrates
autonomous driving functionality,
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it’s expected that light vehicles will
require at least five radar systems
to provide 360-degree coverage for
sense and control.

Across a large number of auto-
motive applications, 77-GHz sys-
tems meet requirements for range
(up to 250 meters) and the ability
to accurately distinguish multiple
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objects. To provide high spatial
resolution, 77-GHz-class systems
actually utilize 4 GHz of band-
width. Beginning in Europe in the
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Ty early 2000s, regulatory bodies and

industry harmonized on this fre-
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quency allocation, spurring market growth while
allowing suppliers to develop signal propagation
and antenna design expertise.

The cost curve for advanced-driver-assis-
tance-system (ADAS) radars started arcing
downward around 2008/9 in conjunction with
the first commercial-scale production of fully
automotive-qualified silicon-germanium (SiGe)
integrated circuits (ICs) operating at 77 GHz.
Previously the realm of gallium arsenide (GaAs),
SiGe allows for higher integration, resulting in a
two-chip (multichannel transmit and multichan-
nel receive) sets replacing up to 8 GaAs chips.

The next step in this evolution was the abil-
ity to use embedded wafer-level ball-grid-array
(eWLB) packaging, which was originally devel-
oped for consumer-electronics applications.
Mass-production-friendly packaging lowered

assembly cost for complete radar modules.

There’s also the matter of the radar’s electron-
ic control unit (ECU), which has more com-
plexity in order to meet required safety systems
and design resilience for automotive operation
(Fig. 1). However, it has both the precision and
scalability from mid- to long-range operation to
reach volume series production.

Today, 77-GHz class radar modules weighing in at about 200
g per module are implemented by several Tier One suppliers.
These companies and the auto OEMs have gained the skills in
beamforming and antenna-array design needed for accurate
sensing of multiple objects at variable speeds and even different
heights relative to the sensing vehicle. Operating power range is
typically measured in low single-digit watts, well in line with the
power requirements for both combustion and electric vehicles.

In the mid- to short-range class of automotive radar applica-
tions (up to 100 meters), lower system cost may be achieved by
implementing a 24-GHz design. Single-chip transceiver imple-
mentations (typically with dual transmit and receive channels)
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2. Both the front-end and controller MCU squeeze onto Infineon’s development board
for 24-GHz radar.

can be matched with additional receivers for the appropriate
antenna schemes.

The reduced cost of microwave-frequency radar systems
also makes the technology attractive in commercial-building
automation applications. Previously the domain of passive-
infrared (PIR) or even video systems, 24-GHz-band radar
supports longer range detection, direction intelligence, and
higher overall sensitivity at a relatively small cost premium.
PIR sensors, on the other hand, have a relatively short range
(about 10 meters); moreover, the sensor target must be mov-
ing, and there must be a significant difference between a target
and the surrounding environment.

Used for presence detection in buildings, radar senses even
non-moving objects (i.e., desk-bound workers) and avoids the
tendency of PIR to turn off lights when people are sitting still.
In an application such as automatic doors,
radar provides longer range and can dis-
tinguish between passersby and people

GO TO MWRF.COM

Speed approaching the entrance. Available ICs
1 1.5 2 2.5 8 4 5 6 8 10 . . .
(km/h) with a single transmit channel and dual
S receive channels make it possible to calcu-
shift 44.4 | 667 | 88.9 | 111.1| 133.3| 177.8| 222.2 | 266.7 | 355.6 | 444.4 | late position, proximity, speed, and direc-
(H2) tion of movement. This creates a rich data
i set for radar-based security systems.
measurement | oo 5 | 150 | 113 | o0 | 75 | 56 | 45 | 38 | 28 | 23 While continuously operating radar
z'r:]S would most likely require line power, a
duty-cycling technique can be used to
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Radar Sensors

As the industry integrates autonomous driving functionality, it’s
expected that light vehicles will require at least five radar systems
to provide 360-degree coverage for sense and control.”

lower power requirements for battery-driven applications. The
table denotes the Doppler shifts associated with various mea-
sured speeds, showing that a measurement period of about 10
ms enables accuracy to approximately 2.5 km/h. An update rate
of 0.5 seconds can detect targets moving at up to 20 km/h—a
rate that makes it easy to track a human or small animal. At
this 0.5-second duty cycle, power consumption of the radar IC
drops from 528 mW (using a 3.5-V supply) to just 12 mW.

With all circuitry for a radar sensor implemented in a single
device, available 24-GHz transceivers eliminate the need to
match external components and lay out RF transmission lines
on the system printed-circuit board (PCB). This high level of
integration can save up to 70% of the board area versus that of a
discrete-based solution.

To illustrate potential system size, an Infineon-supplied
development board (Fig. 2)—including both the radar front-
end and controller MCU—measures just 4 x 3.5 cm. The board
is useful for prototyping a compact radar sensor for domestic-
or commercial-building automation applications.

RADAR AT THE NEXT LEVEL
Recently announced details about Google’s Soli radar project
illustrate that 60-GHz mm-wave technology is near-ready for

3. The 12.5-mm?2 60-GHz Soli radar-on-chip consumes a mere 0.054 W.

44

prime time in consumer applications. Soli represents a leapfrog
in the current state of the art in terms of the packaged system
size and power requirements.

As envisioned by engineers from both Google’s Advanced
Technology and Projects (ATAP) group and Infineon, the goal
of the Soli project was a device control system that could be
implemented across any type of CE product, with particular
emphasis on devices with little or no “real estate” available for
the human-machine interface. This meant a combination of
miniaturization and reduction of power draw by orders of mag-
nitude compared to existing devices. And this must be achieved
at a price target that, while not disclosed as of yet, must be com-
patible with targeted consumer-electronics applications, such as
smartwatches, gesture-controlled audio systems, and Internet of
Things (IoT) devices.

Alittle more than one year ago, Infineon produced a 14-mm
development chip for release to application developers. How-

2

ever, it still required a standalone PC as a controller and drew
1.2 W during operation. Twelve months later, a new iteration of
the IC measuring 12.5 mm? draws just 0.054 W and works with
CE-class MCUs (Fig. 3). End-user systems are in development
now, and the next wave of developers will gain access to the
technology during Fall 2016.

As we’ve seen, the growing
ubiquity of radar is a tale of inte-
gration and the ability to imple-
ment RFICs in silicon processes.
To this end, Infineon and other IC
manufacturers are actively work-
ing to reduce the cost of radar sen-
sors to extend the commercially
viable price-performance ratio
into broader markets.

Timetables for these programs
indicate early commercial avail-
ability within the next year for
millimeter-wave ICs. However,
testing and deployment may take
longer, as will ramping to scale.
For the near term, and likely lon-
ger in the more rigorously quali-
fied automotive and industrial
segments, SiGe-based systems
will probably be the preferred
option for some time. T
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SUPER ULTRA WIDEBAND

AMPLIFIERS

up to +27 dBm output.. 0.1t021GHz

Ultra wide coverage and super flat gain make our ZVA family ideal
for ECM, instrumentation, and test systems. With output power up
to 0.5 Watts, they’re simply some of the most usable amplifiers you’ll
find, for a wide range of applications and architectures!

All of our ZVA models are unconditionally stable, ruggedly
constructed, and able to withstand open or short circuits at full
output. For more details, from data sheets to environmental ratings,

w O4D..

Electrical Specifications (-55 to +85°C base plate temperature)
Model Frequency Gain P1dB  IP3 NF  Price $ *
- (GHz) = (dB) (dBm) (dBm) (dB) (Qty.1-9)
ZVA-183WX+ 0.1-18  28+2 27 35 3.0 1345.00
ZVA-183X+ 0.7-18  26+1 24 33 3.0 845.00
ZVA-213X+ 0.8-21  26+2 24 33 3.0 945.00

* Heat sink must be provided to limit base plate temperature.To order
with heat sink, remove “X” from model number and add $50 to price.

Wideband Performance

pricing, and real-time availability, just go to minicircuits.com!
All models IN STOCK! o RoHS compliant

183W+

183+

213+

0.1 0.7 0.8 Frequency (GHz) 18 21
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Check the Spec

When Selecting a
Signal Generator

During the process of choosing an instrument, it’s wise to become keenly aware of key
specifications in order to properly match it with a particular application’s requirements.

esting of RF/microwave semiconductors, com-

ponents, and systems incorporated in everything

from commercial wireless systems to military

radar applications often involves the ubiquitous

signal generator. These instruments may be employed for

continuous-wave (CW) or pulsed signal generation, local-

oscillator (LO) substitution when evaluating receivers and
transmitters, and stimulus and response measurements.

When selecting a signal generator for an RF/microwave test

system,! it is important to understand the key specifications like

output power, phase noise, level accuracy, spurious levels, and

harmonics. However, one shouldn’t take a casual approach to
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1. These are the typical phase characteristics for a commercial signal
generator, which in this case is the modular PXle-5654 from National
Instruments.
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such details as frequency switching speed and calibration time,
which may be critical to a particular application.

The limits of a signal generator will be the limits of a mea-
surement system’s capabilities, especially when characterizing
high-performance devices under test (DUTs). For example,
when testing an amplifier with a signal generator exhibiting
high levels of harmonic distortion or spurious signal content, it
becomes difficult to determine whether a test system’s analyzer
is measuring the amplifier’s or signal generator’s performance.
By better understanding signal-generator specifications, one
is able to more clearly discern the tradeoffs between price and

FREQUENCY SETTLING VERSUS TIME
20

10 GHz to 500 MHz M paies
—— 160 MHz o 10.5 GHz I

20

-30

-40

Power out at target frequency (dBm)

50 =

-60

0 10 20 30 40 50 60 70 80 9C

Frequency settling time (ps)

2. The frequency-settling-time characteristics of the NI PXle-5654 are
plotted for frequency transitions of 10.0 to 0.5 GHz (blue trace) and 160

MHz to 10.5 GHz (orange trace).
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performance, and the right source can be
found for a particular application.

PHASE NOISE, OTHER VITAL SPECS
Test-and-measurement requirements
vary according to the end system, but for
many applications, including communica-
tions and radar systems, signal-generator
phase noise (Fig. 1) is critical in determin-

RF signal Co.blir{g/ Power
generator switching T sensor
setup :
L_»| DUT

3. A power meter connected to the output of a
signal generator can help save time and mini-
mize amplitude settling errors when switching

frequencies.

with internal filters, such as highpass
filters, to reduce harmonic signal levels
across different frequency bands. This
is generally true at low frequencies for a
broadband signal generator.

Switching speed is an important signal-
generator parameter for many applica-
tions, like when testing frequency-hop-
ping radios. Fast switching synthesizers

ing the dynamic range and signal sensitiv-

ity of a test system. High phase noise reduces a radar system’s
efficiency in resolving closely spaced targets or tracking slow-
and fast-moving targets simultaneously. Similarly, in wireless
comm systems, high phase noise reduces a receiver’s selectivity
to switch between narrow radio channels, leading to high bit
error rates (BERs).

CW signal generation in verification tests such as intermod-
ulation-distortion (IMD) measurements, noise figure measure-
ments, phase-noise tests, and third-order-intercept (TOI) mea-
surements requires a signal generator with high spectral purity.
High spectral purity refers not only to low phase noise, but also
low harmonic levels and low spurious content.

The harmonic performance of a signal generator must be
analyzed separately from other spectral-purity parameters (e.g.,
spurious noise or phase noise), depending on the application
under test or the frequencies required for a test. In general, a
signal generator will not exhibit low harmonics across its entire
frequency range. However, some signal generators are designed

RF signal

generator Amplitude ;
L > 1> extender [>|DUT |> Ei:;s;:rl

RF signal _|—> module

generator

4. ATE testing is aided by flexibility, as in this case of a single model
NI 5696 amplitude extender module used with a pair of NI PXle-5654
signal generators for two-tone testing.

also can be valuable for production test-
ing, since higher-frequency switching speeds mean faster test
times and higher product throughput. When a signal generator
or frequency synthesizer spends less time transitioning from
one frequency to another during a sweep or a sequence of test
frequencies, more time is available to execute measurements.

Signal generators have historically incorporated yttrium-
iron-garnet (YIG) oscillators as signal sources when low phase
noise was required, and voltage-controlled oscillators as sig-
nal sources when there was a need for fast frequency tuning.
Because of the two traditional architectures, the notion has
arisen that fast switching speed and low phase noise are mutu-
ally exclusive signal-generator parameters. However, some
applications, such as testing RF integrated circuits (RFICs), may
demand both low phase noise and fast switching speed.

One example of an instrument that handles both parameters
is the NI PXlIe-5654 modular RF signal generator from National
Instruments, which operates from 250 kHz to 20 GHz. It employs
a low-phase-noise oven-controlled crystal oscillator (OCXO)
that is optimally translated to the range of output frequencies
while maintaining the OCXO’s low-phase-noise profile.

The typical phase-noise characteristics of the signal gen-
erator are shown in Fig. 1.2 For example, at 20 GHz, the single-
sideband (SSB) phase noise is ~113 dBc/Hz offset 10 kHz from
the carrier. It improves to —~119 dBc/Hz offset 10 kHz from a
10-GHz carrier, notably better than the phase-noise perfor-
mance of many microwave YIG-based synthesizers. Further
from the carrier, the phase noise of the PXIe-5654 remains flat

for several megahertz and then

drops down to the noise floor.

2.0 10
s 08 Since the signal generator is
' 0.6 based on a VCO architecture,
1o 0.4 it also provided fast frequency
g 0’ il 2 o2 Ww I switching speeds.® At lower fre-
g o er\“—,—@%% i Nw'} ‘,.Jlr %\”WN" g o [l 'dﬁm\v v, " e W quencies, phase noise improves
g os g 02 by 6 dB/octave due to frequen-
0.4 .
10 cy division.
0.6
15 08
) SETTLING TIME
2.0 1.0
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 Manufacturers are under

Freauency (GHz)

5. This is the typical measured power accuracy of
an NI PXle-5654 signal generator at -100 dBm.
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6. This is the typical measured power accuracy of
an NI PXle-5654 signal generator at =70 dBm.

Frequency (GHz) pressure to increase produc-

tion-line throughput while
decreasing the cost of test. At
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Signal-Generator Specifications

switching times. If some amplitude

errors can be tolerated in a measure-

ment, faster settling times are possible.

the same time, test engineers pur- 0.5
sue more measurement data without 0.4
significantly lengthening the time 03
required for measurements. When 02

0.1

For example, with an NI PXIe-5654

using a signal generator, it is critical %:i— )i A 7, 7 signal generator, if greater than 2-dB
that a test engineer be familiar with all & O VI Y N/ VN amplitude settling error can be toler-
factors that impact frequency switch- & o ated, a 100-point sweep can be com-
ing time and amplitude settling time. o2 pleted in about 30 ms.

Figure 2 shows the frequency- :Z’j By performing such a measurement
settling-time characteristics of the NI _0:5 in list mode, amplitude errors can be
PXIe-5654. Two separate frequency 0 2 4 6 8 10 12 14 16 18 20 measured and corrected for all points

transitions are given: The vertical
axis shows output power at the target
frequency, while the horizontal axis
reveals the time following the trigger
used to initiate a change in frequency. The blue curve indicates a
frequency transition from 10.0 to 0.5 GHz, and the orange curve
shows a transition from 160 MHz to 10.5 GHz.

In both cases, the frequency settles to within 5 ppm of the tar-
get frequency well within 100 ps. The instrument’s VCO-based
architecture makes it possible to achieve fast frequency-switch-
ing speeds throughout the frequency tuning range without
depending on the size of the jump in frequency.

Amplitude settling errors will play a part in a signal gen-
erator’s settling time, with fewer errors usually requiring longer

Frequency (GHz)

7. This is the typical measured power accuracy of
an NI PXle-5654 signal generator at -40 dBm.

with the aid of a power meter (Fig. 3).

This technique can ultimately shave
off hundreds of milliseconds to seconds
from every frequency sweep.

Understanding how software, such as list-mode functions,
can be applied to a particular signal generator helps decrease
test time while still minimizing amplitude settling errors. Switch
points (frequency and power-based) and mechanical attenu-
ators can add significant time to frequency sweeps with hun-
dreds of points.

However, changing the state of an instrument’s mechanical
attenuator can decrease settling time by 20 ms. For example,
the datasheet for the NI PXIe-5654 provides guidance on how
factors such as mechanical attenuators can impact sweep times.

A|Advanced ——

RADAR RECEIVER NETWORK

M|Microwave, Inc.

MICROWAVE COMPONENTS
& SYSTEMS

Thin-film technology in very small,
yet rugged, packages.

ONE STOP SHOP

AMPLIFIERS:

Frequency range of 0.1 to 40 GHz
LNA or Power

We also offer custom amplifiers
including, but not limited to, Heatsink
and Universal AC Input

UP/DOWN CONVERTERS:
Freq range 3 to 40 GHz

A complete remote converter system
using a computer network control
including 1/0S, USB2, RS232,

and Ethernet (RG45) optional
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(Contact factory for details)
MILITARY ELECTRONICS:
Freq range: 0.1 to 40 GHz
for radar applications
» Pulse Modulators
» Threshold Detectors
» Detector Log Amplifiers
» remote sensing incl. I/0OS,
USB2, RS232, and Ethernet (RG45)

333 Moffett Park Drive

Networking, where Microwave & Computer technology meet.

COMPONENTS:
Mixers 2.0 to 40 GHz
» Double/Triple Balanced
» IR Mixers
» |Q Modulators
Limiters 0.1 to 40 GHz
Detectors 0.01 to 40 GHz
» CUSTOM products using AMI
building blocks

Sunnyvale, CA 94089 www.advmic.com

Ph: 408-739-4214

sales@advmic.com
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MULTIPLY

UP TO 20GHz

CY2-143+ MMIC Doubler Outout
from 4 to 14 GHz in a Single Model!

$
Frequency Multipliers /. 9 >

For your leading-edge synthesizers, local oscillators, and satellite up/down converters, Mini-Circuits
offers a large selection of broadband doublers, triplers, quadruplers, x5, x7 and x12 frequency multipliers.

Now generate output frequencies from 100 kHz to 20 GHz with excellent suppression of fundamental frequency
and undesired harmonics, as well as spurious signals. All models feature low conversion loss and are designed
into a wide array of off-the-shelf, rugged coaxial and surface-mount packages to meet your requirements. Our
new MMIC doubler, CY2-143+ generates output signals from 4 to 14 GHz in a tiny 4x4mm QFN package!

Visit our website to view comprehensive performance curves, data sheets, PCB layouts, and environmental
specifications. Order direct from our web store and have a unit in your hands as early as tomorrow!
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Signal-Generator Specifications

FLEXIBLE ARCHITECTURE

High-volume production testing often requires multiple racks
of test signal generators. Modular instruments such as the PXI-
based NI PXIe-5654 occupy a fraction of the volume of tradi-
tional 19-in.-wide rack-mount instruments while allowing for
additional complementary, compact modules like the PXIe-
5696 amplitude extender module. This module’s amplitude level
control (ALC) performs corrections in the amplitude control

circuitry of the PXIe-5654, resulting in a leveling of power from
-110 to +30 dBm across a frequency range of 250 kHz to 20 GHz.

To illustrate the flexibility possible with a modular architec-
ture, two PXIe-5654 signal generators were used with a PXIe-
5696 amplitude extender module for two-tone power-amplifier
(PA) and front-end-module (FEM) testing (Fig. 4). Normally,
a single module would be insufficient to make amplitude cor-

rections for two separate signal generators. But in this case, the

flexibility allows for simplified two-tone

I@AX | S. InC. Coaxial RF Cable Assemblies

Build It
See It
Buy It

Get Started at koaxis.com

visually build a cable assembly
get a specification instantly
online using eCommerce

testing, with signals from a PA or FEM fed
to a signal analyzer for evaluation.

A signal generator’s output power is
another important specification because
of the loss of signal power through cables
and switches leading to a DUT in a test
setup. When specifying a test signal
source, sufficient margin should be allo-
cated for output power to compensate for
such losses in the test setup. It is much
easier to drop signal levels with an exter-
nal attenuator (which is passive) than to
boost signal levels with an external ampli-
fier (which requires bias energy).

Some tests (e.g., PA characterization)
require high signal output levels from a
signal generator while maintaining high
level accuracy and good spectral puri-
ty. Power accuracy is critical because a
DUT'’s response is likely to vary with the
signal-generator power level. For such
requirements, multiple RF attenuators

S | | it Piine may be used to extend the dynamic range
of a signal generator’s output power,
) I e Lt Y PR along with an ALC circuit to increase the
Bulkhead Jack (1) : Inches 4 | Right-angle Plug (0 B accuracy of the output signal.
To demonstrate how power accuracy
26.5 GHz s No Feature(s) Available s . -
can change at different signal-generator
o i output-power levels, the typical power
Custom Marking? (Default=No) ¢ | printed IL & VSWR Data? (Default=Nc) & | Defay-maiched = 1 ps $ accuracy of the PXIe-5654 signal genera-

Made in the USA
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tor with a PXIe-5696 module is plotted in
Figs. 5, 6, and 7 for output levels of 100,
-70, and -40 dBm, respectively. Tl
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3. Alexander Chenakin, “Building a Microwave Fre-
quency Synthesizer, Part 5: Advanced Techniques,”
Artech House, Norwood, Mass., 2010.

4. National Instruments, Application Note, “Choos-
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High Linearity

Now!
DC to 8 GHz + NF as low as 0.46 dB

Many combinations of performance parameters to meet your
needs! With over 20 low noise, high linearity models to choose
from, chances are you'll find the right combination of output
power, gain, DC current and bandwidth to upgrade almost
any 3 to 5V circuit — from cellular, ISM, and PMR to wireless
LANs, military communications, instrumentation, satellite links,
and P2P - all at prices that preserve your bottom line!

Model Freq. Gain NF IP3 P, Current Price$
(MHz)  (dB) (dB) (dBm) (dBm) (mA) (qty. 20)
New! PMA3-83LN+ 500-8000 210 1.3 85 232 80 1195
PMA2-162LN+ 700-1600 22.7 05 30 20 55 2.87
PMA-5452+ 50-6000 140 07 34 18 40 1.49
PSA4-5043+  50-4000 184 075 34 19 33BY) 258
58 (5V)
PMA-5455-+ 50-6000 140 0.8 33 19 40 1.49
PMA-5451+ 50-6000 137 0.8 31 17 30 1.49
PMA2-252LN+ 15002500 1519 0.8 30 17 &7 f%; 2.87
PMA-545G3+ 700-1000 31.3 0.9 84 22 158 4.95
PMA-5454-+ 50-6000 135 09 28 15 20 1.49
Y T R
PSA PMA  PGA

ST49
*IP3 up to 43dBm fromll ea.(aty. 20)

2 new ultra-wideband models with frequency range as wide
as 0.5 to 8 GHz now cover applications from UHF up to C-Band
in a single model with one simple matching circuit! All catalog
models are in stock and ready to ship, so visit minicircuits.com
for data sheets, performance curves, S-parameters, pricing and
availability for reels in quantities as small as 20 pieces. Place your
order today for delivery as soon as tomorrow!

Model Freq. Gain NF IP3 P, Current Price$
(MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)
New! PMA2-43LN+ 1100 -4000 19 046 33 199 51 3.99
PGA-103+ 504000 11.0 09 43 22 ©60(3V)  ygq
97 (5V)
PMA-5453+ 50-6000 14.3 0.7 37 20 60 1.49
PSA-5453+ 50-4000 14.7 1.0 37 19 60 1.49
PMA-5456+ 50-6000 14.4 0.8 36 22 60 1.49
PMA-545+ 50-6000 14.2 0.8 36 20 80 1.49
PSA-545+ 50-4000 149 1.0 36 20 80 1.49
PMA-545G1+ 400-2200 31.3 1.0 34 22 158 4.95
PMA-545G2+  1100-1600 30.4 1.0 34 22 158 4.95
PSA-5455+ 50-4000 14.4 1.0 32 19 40 1.49
O RoHS compliant
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Cancel Noise

N RF

Sampling

Observation Receivers

The common LO
approach used with
frequency mixers can
also be applied to

clocks for RF sampling
data converters for

noise reduction in
microwave receivers and
transmitters.
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bservation receivers

are often employed in

radar systems or com-

munications systems to

check on the signal quality and activity
within a transmit/receive system. When
signals are transmitted and received
within the same frequency spectrum,
observation receivers often use a com-
mon local-oscillator (LO) architecture
to improve noise performance. The
approach is effective for observation
receivers for a variety of applications,
including communications and radar.
The use of digital predistorton (DPD)

in cellular communications base stations,
for example, can allow the system’s trans-
mit power amplifier (PA) to operate in its
nonlinear region with higher efficiency
than is possible in its linear region. The
unwanted signal-distortion products
are reduced or cancelled by intention-
ally predistorting the transmitted signal
waveforms, with the resulting linearized
output of the PA being measured by the

Power
lifi
amplifier Mixe

X
(©
X

20

Antenna  Bandpass

" f

observation receiver as a means of moni-
toring signal quality.

Figure 1 (left) shows the use of a com-
mon LO for each mixer in the transmit
and feedback paths of an observation
receiver system. The layout employs a
DPD algorithm to correct for the non-
linear distortion of the PA, subtracting
and eliminating the unwanted noise and
distortion of the LO that mixes with
the transmit signal. The common LO
approach is also used in radar. However,
in a radar system, the primary objective is
to improve the dynamic range and target-
detection capability of the receiver rather
than the efficiency of the exciter.

As RF systems evolve—taking advan-
tage of available higher-speed data con-
verters for digitizing and generating
signals at RF and microwave frequen-
cies—the common LO approach can
be implemented in the digital realm for
effective reduction of noise in observa-
tion receivers using high-speed, high-
resolution analog-to-digital converters

Bandpass Power
filter amplifier

LA "

Antenna

RF
ADC

1. Closed-loop feedback is used for noise cancellation in a transmit power amplifier system (left)

with a predistortion heterodyne system and in a direct RF sampling system (right).
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(ADCs) and digital-to-analog convert-
ers (DACs). System engineers are find-
ing the benefits of using high-speed
RF sampling ADCs such as the model
ADC32RF45 from Texas Instruments
(www.ti.com).

Such data converters provide a high
level of integration in support of com-
pact observation receivers. And at the
same time, they offer a wide frequency
range and high sampling speeds that
make it possible to eliminate a frequen-
cy downconversion stage in a traditional
heterodyne receiver design (along with
all the associated components).

Low-noise
signal generator

When using a direct RF sampling
data converter in a receiver design, the
sampling clock is the equivalent of an
LO in an analog receiver with interme-
diate-frequency (IF) stage (Fig. I, right).
Having a common clock with data con-
verters in RF-sampling-based systems is
akin to using a common LO with mixer-
based frequency-conversions systems
to achieve correlated noise cancellation.

To determine the magnitude of noise
cancellation possible by using the com-
mon clock approach with multiple data
converters in an RF-sampling-based

(continued on p. 90)

Sine wave ADC32RF45
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2. This test setup (a) uses 10-MHz noise pedestals to inject a controlled amount of noise,

resulting in the normalized FFT plots (b).
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What’s the Difference
JACK BROWNE | Technical Contributor

What's the Difference between

GaN and GaAs®?

GaN has emerged as the leading semiconductor material for high-power microwave
switches and amplifiers, although GaAs is still the material of choice for low noise.

uring the last decade, gallium nitride (GaN) have been steadily replacing high-frequency electron vacuum

has become the favorite high-frequency semi-  tubes in military radar. For a comparable output-power rating,
conductor compound, steadily replacing gal- ~ GaAs amplifiers tend to be more linear, with less distortion,
than GaN amplifiers.

Before attempting to compare differences in devices fabricat-

lium arsenide (GaAs) in many RF/microwave
applications, especially where higher-frequency, higher-power
semiconductors are required. But why the steady shift to GaN,  ed on the two high-frequency semiconductor materials, howev-
and just how different in performance are GaAs and GaN? er, it is only necessary to assess the differences in characteristics

GaN and GaAs are both compound semiconductor materi- of the two III-V compound semiconductors. These

als, grown in the form of ingots, which are cut into key material characteristics include relative

thin wafers (see figure at right) upon which semi-
conductor devices, including passive circuit
elements, are fabricated. GaAs is the more /8-

mature material and is commercially
available in the form of wafers as large as |
6 in. in diameter. GaN, which has been
used to fabricate LEDs since the 1990s, ||
is typically available in wafers as large as |
2in. in diameter.

GaAs is well established as a substrate of
choice for high-frequency, small-signal semi-
conductor devices, especially where low noise
figure is needed, as in receiver front ends.
GaAs monolithic microwave integrated cir-
cuits (MMICs) are widely used in portable
wireless products, such as smartphones, tab-

lets, and Wi-Fi devices. Components such as switches and
amplifiers are typically incorporated into these GaAs MMICs,
which are designed for operation at low voltages and currents

typically available from a battery.

GaN, on the other hand, has come to be known as a pow-
er process, capable of fabricating active devices for amplifi-
ers that can operate at voltages of +48 V dc and higher. With
the higher-voltage capabilities of GaN devices and MMICs,
they have become the active components of choice for such
applications as power amplifiers in wireless base stations, and

54

constant of a vacuum), breakdown volt-
age, electron mobility, saturation velocity,
and thermal conductivity.

THE GAP IN BANDGAP

GaN is considered a wide-bandgap
1aterial compared to GaAs, with a bandgap
about 3.4 eV for GaN compared to 1.4 eV for
\ aAs. A material’s bandgap related to the amount of
GaN and GaAs are two of the semi- energy required to shift an electron from
the top of the valence band to the bottom of

the conduction band within a semiconduc-

conductor substrate materials used
for high-frequency solid-state devic-
es, fabricated on thin wafers. (Image tor formed on that material. A wide bandgap
courtesy of Thinkstock) typically refers to a material with bandgap of
greater than 1 or 2 eV.

GaN typically exceeds GaAs in material parameters relat-
ing to higher energy and power, and in the speed of achieving
higher-energy states. For example, the saturation velocity of
GaN, at 2.7 x 107 cm/s, is somewhat higher than the 2.0 x 107
cm/s of GaAs. The critical breakdown voltage field determines
the highest voltage that can be safely applied to a solid-state
device, and the breakdown electric field of GaN, at 4 x 10° V/
cm, is much higher than the 5 x 10° V/cm of GaAs.

GaN also has a much higher relative dielectric constant (at

9.0) than that of GaAs (at 1.28), allowing for the fabrication
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of much higher-valued capacitors in support of higher-power
devices and MMICs on GaN than on GaAs. In terms of achiev-
ing higher-frequency device operation, however, GaAs excels,
with a much higher electron mobility than GaN, at about 6,000
cm2/V-s compared to the approximate electron mobility of
1350 cm2/V-s for GaN.

GaN has certain traits that support smaller circuits for a given
frequency and power level, allowing the higher power densi-
ties and efficiencies much sought after by

tors Corp. (www.winfoundry.com), Global Communication
Semiconductors LLC (www.gsinc.com), and Qorvo (www.
qorvo.com), offering different forms of GaN processes along
with GaAs fabrication services as well. For those wishing a finer-
grained comparison of GaN and GaAs materials, MACOM
(www.macom.com), with products based on more than a half-
dozen semiconductor processes, offers a detailed comparison of
the different semiconductor materials on its website. i

designers of power-efficient wireless base
stations and microcells. For one thing,
the higher-voltage capacities of GaN
allow the fabrication of much smaller
devices for a given power level than on
GaAs materials. For example, the defect
density of any semiconductor wafer will
limit the practical size of circuits that can
be manufactured repeatably and reliably
on that wafer, implying that device area

Powerful Multipath/Link
Emulator |f

be minimized for best production yields.

Because the power density of GaN
materials is much higher than GaAs or
even silicon semiconductor materials,
thermal conductivity is an important

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation

Mobile Comm’s on the_meve tésting

material parameter for characterizing
how well a device will dissipate heat due
to dielectric and conductor losses, as well
as basic device inefficiencies. The ther-
mal conductivity of GaN, at 1.7 W/cm-K,
is more than three times the thermal con-
ductivity of GaAs, at 0.46 W/cm-K. High
thermal conductivity translates into the

JTRS
IRIS

lowest temperature rise at conduction, a
characteristic that enables GaN devices
to handle higher power levels than GaAs
devices using the same device structure,
such as a field-effect transistor (FET).

MATERIAL DIFFERENCES?

GaN devices are currently fabricated
on different substrate materials, such as
GaN on silicon (Si) and GaN on silicon
carbide (SiC) wafers, with some debate
about which process offers the best per-
formance. Some larger companies, such
as Raytheon Co. (www.raytheon.com),
maintain both GaAs and GaN foundries
as part of their in-house capabilities in
support of military applications. Many

Test solutions for ....
WIN-T - warfare informati_c;)'h networks, tactical
MUOS - mobile user objec‘g:fve system

/— Joint Tactical Ra(iio System

- Intéfnet routing in space

.&. i o eile

fe=
| B

commercial foundries will offer details
on the benefits of each process with some
foundries, including WIN Semiconduc-
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RF Test Equipment for Wireless Communications

dEBmCorp, Inc
32A Spruce Street
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lightweight and vapor-sealed airframe assemblies that withstand
the challenges of aerospace.

With GORE-FLIGHT™ Microwave Assemblies, 6 Series, a fit-and-forget
philosophy is now a reality — providing the most cost-effective
solution that ensures mission-critical system performance

for military and civil aircraft operators.

Find out why at:
www.gore.com/GORE-FLIGHT
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Raytheon to Aid

Aegis Missile-Guidance System

aytheon Co. has been awarded a $365 mil-
lion fixed-price-incentive, cost-plus-fixed-fee
contract from the U.S. Navy for production
of critical components for the Aegis missile-
guidance system.
The contract covers the AN/SPY-1D(V) radar transmitter,
MK 99 missile-fire-control system, and related engineer-
ing services for those subsystems within the Aegis system.

Aegis is a missile-guidance system

deployed aboard U.S. Navy vessels and
ships for allied troops.

GO TO MWRFE.COM

The contract combines purchases for the U.S. Navy and the
governments of the Republic of Korea and Japan under the
Foreign Military Sales program. With options, if exercised,
the overall contract could extend to $423 million.

Aegis uses S-band phased-array radar to acquire and track
multiple targets. The single-ship system integrates within a
network of ships and Aegis systems on those ships. B

(News continued on p. 60)
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ACTICAL

the U.S. Army, as well as part of civilian

UNMANNED aerial border patrols between countries. Major

vehicles (UAVs)

have already become a reliable compo-

nent of many surveillance and signal
intelligence (SIGINT) operations for

contractors such as Lockheed-Martin
are well entrenched into UAV technol-
ogy, with the firm’s Desert Hawk recently
making its 100th flight.

MicroScan® Miniature, Ruggedized SDR Transceiver
For Cyber-EW, COMMS, Surveillance, SIGINT, and DF

¢ SWaP: Size: 2.2 x 1.4 x 0.9 inches; Weight: 0.2 Ibs.; Powered by USB 3.0/2.0
¢ Frequency Range: 70-6000 MHz, 56 MHz IBW, dual-channel coherent RX
e TX Power: +20 dBm, with in-built capability to key external PA’s for higher power

¢ In-Built RF Filters: Essential for high RF performance including 9 tracking suboctave
bandpass filters for RX, and 9 fixed suboctave lowpass filters for TX

¢ Integration: Inside antennas, manpacks, UAV’s, networked sensor nets, etc.
¢ Locking: Optional GPS time and frequency locking with 9 axis gyro/compass sensor

* Development Kit: Available with FPGA DSP blocks, examples in source code, and
Technical Support so Primes can get missions going quickly

* Software Support: GNURadio, Redhawk, Windows, Linux, Android

MicroScan® Mission Applications
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A Soldier’s Place on an unmanned Battlefield

T

The U.S. Army is not the only cus-
tomer for robotic systems, however.
Another major contractor, Northrop-
Grumman, has been at work for the U.S.
Navy for the past decade as part of the
Navy’s Unmanned Combat Air System
(UCAS). One of the successes of that
program is the X-47B, a fighter-sized
UAV capable of unmanned surveillance,
strike, and reconnaissance activities.
This is, in fact, an autonomous vehicle
that can land and take off on its own
and recently even demonstrated autono-
mous refueling while in the air. The
Navy’s goal is to establish a permanent
unmanned battle-ready fleet of such
unmanned vehicles.

As multiple sensors and radar technol-
ogy continue to be designed into com-
mercial land vehicles, and the specter
of the driverless automobile looms on
the horizon, the transportation depart-
ments of different states in this country
are planning for such things as “autono-
mous lanes” on major highways, such
as California’s famed route 101. As IBM
continues to push the limits of cognitive
computing by recently programming
emotions into its supercomputer Watson,
the development of “intelligent” drones
and robots for the battlefield will soon
follow. If battlefield robots are armed
with their own decision-making capa-
bilities, the question will inevitably arise
as to how much the humans “control-
ling” those robots should be involved,
and what will be the impact of human
involvement on the battlefield.

In the future, a soldier’s place on the
battlefield may be far from the action,
remotely piloting drones or directing
robotic infantry from the screen of a
mobile computer or the equivalent of a
tactical-grade smartphone. Whether vid-
eo games are mimicking life or vice ver-
sa, the humans may well be far removed
from the battlefield, with remotely con-
trolled drones and robots from one side
attempting to break through an adver-
sary’s defenses to get at the humans.
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VERY LOW.DISTORTION

MIXERS

+36dBm IP3 2 tO 4500MHZ from$ ;fyec;ooo

Mini-Circuits’” shielded LAVI frequency mixers deliver the breakthrough combination of very

high IP3 and IP2 and outstanding ultra-wideband performance. By combining our advanced
ceramic, core & wire, and semi-conductor technologies, we've created these revolutionary
patented broadband mixers that are specially designed to improve overall system dynamic range.

With a wide selection of models, you'll find LAVI mixers optimized for many down converter and
up converter requirements. Visit www.minicircuits.com for comprehensive performance data,
PCB layouts and environmental specifications, price and availability. Order today for delivery

as soon as tomorrow!

Check out these LAVI mixer outstanding features!
e Very wideband, 2 to 4500 MHz e Super high isolation, up to 58 dB
e Ultra high IP2 (up to+60 dBm) and IP3 (up to+36dBm) e High1dB compression, up to +23 dBm
® Harmonic rejection up to -73 dBc, 2LO-2RF, 2RF-LO e Extremely low conversion loss, from 6.3 dB

0 RoHS compliant U.S. Patent Number 6,807,407

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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| NEWS SHORTS

VadaTech Targets DRFM
with RFSS Acquisition

ADATECH HAS acquired
VRadio Frequency

Simulation Systems
Inc. (RFSS), which includes
that company’s expertise in
digital RF memory (DRFM)
technology. VadaTech, a sup-
plier of embedded circuit
boards, supporting software,
and integrated subsystems
notably for radar systems,
will continue to support and
improve on the DRFM tech-
nology, which is vital to
many military electronics
systems, including electronic-
countermeasures (ECM),
identify-friend-or foe (IFF),
and radar systems.

Saeed Karamooz, chief
executive officer (CEQ) of
VadaTech, says, “The natural
synergies between the prod-
uct sets of RFSS and Vada-
Tech will provide great results
for customers in terms of

time-to-market and function-
ality for their next-generation
platforms. This acquisition
is in line with VadaTech’s
philosophy of providing cus-
tomers with access to cutting-
edge technology, and we look
forward to creating innova-
tive solutions together”

Richard Damon, president
and CEO at RFSS, adds,
“RESS customers will benefit
from improved performance
and reliability, and dramatic
reductions in the size, weight,
power, and cost (SWAP-C)
of their solutions thanks to
integration with VadaTech’s
advanced hardware modules.
VadaTech’s global sales and
distribution network also
means more local support
and capability”

DREFM relies on advanced
data converters, such as
analog-to-digital convert-

i

Richard Damon, President and CEO of RFSS (right), is welcomed by
Saeed Karamooz, CEO of VadaTech.

ers (ADCs) and digital-to-
analog converters (DACs),

radar target generators, radar
environment simulators, IFF
capable of maintaining high ~ simulators, and ECM target
signal integrity. It is used generators. Such systems are
for simulators as well as invaluable for testing and

in-field systems, including training applications.

(GSA Contract Streamlines Acquisition
of X-COM Products

gies, announced that it was awarded a contract by the

X-COM SYSTEMS LLC, a subsidiary of Bird Technolo-

Government Services Agency (GSA) for the purchase

of its products online by federal agencies. The contract allows

customers to use the GSA Advantage! online shopping and

ordering service to procure goods and services from X-COM

Systems (www.xcomsystems.com). The firm designs and

manufactures wideband RF/microwave signal recording and

playback systems; software tools for visualization, analysis,

and editing; and RF/microwave signal-generation tools for

defense and commercial applications.
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The GSA Advantage! service is a purchasing portal that
simplifies the procurement procedure for federal agen-
cies while also providing discounted pricing. It is meant to
eliminate the delays and overhead associated with traditional
screening and procurement procedures by eliminating cost
and price analysis of comparable products.

By accepting products for the portal, the GSA has already
established that pricing is “fair and reasonable” and listed
products are deemed acceptable for government-related use.
Prospective customers can view X-COM products and pric-
ing on GSA Advantage! by visiting www.gsaadvantage.gov.
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LOW PASS BANDPASS HIGH PASS DIPLEXERS
9%
Covering DC to 18.3 GHz from ea. qty.3000

Over 195 models as small as 0.06 x 0.03"! These tiny, hermetically Wild Card Filter Kits, KWC-LHR, on/y$98
sealed filters utilize our advanced Low Temperature Co-fired Ceramic

e Chi 8 LFCN or HFCN model.
(LTCC) technology to offer superior thermal stability, high reliability, and very {}/ (?’ y{, . Reggiig ch);f ot oocge/ models

low cost. Supporting a wide range of applications with high stop band BIPFIF o Atotal of 40 filters for a great value
rejection and low pass band insertion loss in tiny packages, they’re a perfect y{‘?{f?‘? « Order your KWC-LHP F/g/]ter Kit TODAY!
fit for your system requirements. Visit minicircuits.com for comprehensive '
data sheets, PCB layouts, free high-accuracy simulation models, and

everything you need to choose the model for your needs. Order direct
; |Modelithics‘"

O RoHS compliant U.S. Patents 7,760,485 and 6,943,646

from our web store, and have them in your hands as soon as tomorrow! Free, High-Accuracy Simulation

Now available in small-quantity reels at no extra charge: Models for ADS
Standard counts of 20, 50, 100, 200, 500, 1000 or 3000. www.modelithics.com/mvp/Mini-Circuits.as

Save time, money, and inventory space!

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com ., .. o


http://www.modelithics.com/mvp/Mini-Circuits.asp
http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com

| NEWS SHORTS

Radar Technology Tightens Border Patrol

ADAR TECHNOLOGY provides many
Rtactical advantages during warfare,

but it can also serve well in civilian
applications, including for border security
and surveillance. The patented SharpEye
radar technology from Kelvin Hughes (www.
kelvinhughes.com) has been used to detect
and track ground-based and aerial targets in
difficult-to-access locations such as border
crossings between countries.

The solid-state radar system employs
pulse-compressed Doppler radar techniques
at X-band frequencies. It requires no mainte-
nance or service and is less affected by envi-
ronmental and weather factors, such as rain
and snow, than higher-frequency surveillance
radar systems.

One version of the system, the SharpEye
SxV, is a mobile, lightweight self-contained
unit that weighs around 20 kg and can be
readily transported to different locations for
deployment on a mast or tripod. The radar
is able to be deployed along a border as part
of a multi-node system or deployed as a

mobile-vehicle-mounted surveil-
lance package.

A more permanent version of the
system, the SharpEye Long Range
system, features co-located radar
and electro-optical subsystems.
With simple setup, it delivers
360-deg. radar and camera sur-
veillance. The system uses gallium-
nitride (GaN) amplification, with its
transceiver contained in the antenna
turning mechanism. It employs a
5.5-m, open-array, low-profile
antenna configuration.

Jonathan Field, Director
of Security Systems for Kelvin
Hughes, explains, “The increase in
demand that we are seeing for our border-
control and surveillance radar applications is
a reflection of the many benefits our Sharp-
Eye radar technology can deliver—high
performance, high reliability, easy deploy-
ment, versatility, and significantly reduced
through-life costs” M

MATCHED-IMPEDANCE SPLICES Save Aerospace Cables

E CONNECTIVITY Ltd. (www.
TTE.com) developed Raychem

matched-impedance splices that
solve the problem of
removing and replacing
damaged coaxial cables
for aerospace applica-
tions while in use. The
splices, which comply
with MIL-PRF-32517,
help to maintain the
characteristic impedance
of the repaired cables
and systems.

According to Janeann
Avants, product man-
ager, Global Aerospace,
Defense & Marine, TE
Connectivity, “Raychem
matched-impedance
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splices reduce the time and effort need-
ed for repairs and lessen the number of

cables that need to be replaced”

The matched-impedance splices are
designed for both military and com-
mercial aerospace applications. They
can handle wide tem-
perature extremes, high
shock and vibration, and
corrosive environments.
A splice contains three
components: a hexagonal
crimp barrel for the cen-
ter conductors, a dielec-
tric shell that helps main-
tain cable geometry for
impedance control, and
a heat-shrinkable Solder-
Shield splice that both
terminates the cable’s
shield and provides seal-
ing to protect the splice
environmentally. B
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Ultra Small 2x2mm

2W ATTENUATORS oc 206+ °1%°..

Save PC board space with our new tiny 2W fixed value
absorptive attenuators, available in molded plastic or high-rel
hermetic nitrogen-filled ceramic packages. They are perfect
building blocks, reducing effects of mismatches, harmonics, and
intermodulation, improving isolation, and meeting other circuit
level requirements. These units will deliver the precise attenuation
you need, and are stocked in 1-dB steps from 0 to 10 dB, and
12,15, 20 and 30 dB.

The ceramic hermetic RCAT family is built to deliver

reliable, repeatable performance from DC-20GHz under as soon as tomorrow!
the harshest conditions. With prices starting at only
Ceramic

Plastic

$4.95 ea. (qty. 20), these units are qualified to meet MIL
requirements mcludmg vibration, PIND, thermal shock,
gross and fine leak and more, at up to 125°C!

The molded plastic YAT family uses an industry proven, high
thermal conductivity case and has excellent electrical performance
over the frequency range of DC to 18 GHz, for prices starting at
$2.99 ea. (qty. 20).

For more details, just go to minicircuits.com — place your

order today, and you can have these products in your hands
RoHS compliant

FREE Simulation Models! :IModel.ith'acs"
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PRODUCT FEATURE
JACK BROWNE | Technical Contributor
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Predicting the Performance
of Defense Electronic Systems

High-level software programs can simulate the performance of tactical communications and radar

systems, as well as how they behave under changing environmental conditions.

IGH-LEVEL SOFTWARE programs can simu-

late the performance of tactical communications >
d rad t 1l as how thev beh System-level Shared IP System-level test

and radar systems, as well as how they behave design « Cyber physical

under changing environmental conditions. * Hardware in the loop
Computer simulations have enhanced the efforts of * Protocol aware
RF/microwave circuit designers for many years, provid- Compon?m_|eve| Shared IP Cor,.,ponem_|e\,e| test
ing precise models for many of the active and passive design * ghnlf\u'US/ IFFGSPOHSG (test vectors)
o o ® Builtin selfest

components comprising high-frequency circuits. Simula- . JTLZGmeeun j:ry scan
tion software can even account for the effects of dielectric
and conductor losses in circuit materials. System

System designers have also come to rely on software
to predict the performance of a wide range of designs,
including communications systems, electronic-warfare
(EW) systems, and radars. By using a variety of software
simulation tools, they can quickly evaluate changes in a
system block diagram.

System simulators for defense electronic systems have tradi-
tionally performed simulations based on a block diagram, such
as from an antenna through receiver and transmitter to a base-
band processor. Often, separate simulations may be performed
on different types of antennas, with modeling then performed on
the different function blocks of a system (e.g., receivers, transmit-
ters, or baseband processors).

Some major contractors with extensive experience in radar
systems, such as Rockwell Collins (www.rockwellcollins.com),
have developed their own software simulation tools for many
different forms of radar—such as fire-control, weather, naviga-
tion, and search-and-surveillance systems—with customizable
capabilities for each system type. These high-level simulation
programs can take into account the effects of weather, the terrain,
and electrical variations.

Whether for radar, EW, or communications simulations, most
effective system simulators start with a building-block approach
based on models of components or function blocks within a
system, such as amplifiers, filters, and mixers (Fig. 1). Numer-
ous commercial system simulators are built upon this approach,
including the Advanced Design System (ADS) and SystemVue
software from Keysight Technologies (www.keysight.com).
Another prominent offering is the Visual System Simulator
(VSS) from Applied Wave Research (www.awrcorp.com) and its
parent company, National Instruments (www.ni.com).

implementation

1. Many system simulators rely on tight integration with component-level
simulation software and links to test equipment for effective modeling. (Graphic

courtesy of National Instruments)

SystemVue, for example, which includes radar system exam-
ples, is tightly linked to the company’s ADS software. The latter
typically works at component levels in the design of RF/micro-
wave circuits and draws upon modeling the interactions of dif-
ferent components at the system level, whether in commercial
or military system designs. While the impedance matches into
and out of a small-signal transistor may affect the gain and noise
figure of a front-end amplifier based on that transistor, ADS can
extend impedance-matching effects from the component to the
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2. The PCRadar simulation software was designed for the U.S. Navy

and Coast Guard for training applications. (Graphic courtesy of Buffalo
Computer Graphics)
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5kHzto18 GHz up to 250 W 1on 9 5 g (qty. 1000)

NO‘N\' Looking for couplers or power taps? Mini-Circuits has
475 326 models in stock, and we’re adding even more! Our

versatile, low-cost solutions include surface-mount
models down to 1 MHz, and highly evolved LTCC
designs as small as 0.12 x 0.06", with minimal insertion
loss and high directivity. Other SMT models are designed
for up to 100W RF power, and selected core-and-wire
models feature our exclusive Top Hat™ for faster,
more accurate pick-and-place.

Directional/Bi-Directional

COUPLERS

At the other end of the scale, our new connectorized
air-line couplers can handle up to 250W RF input power,
with low insertion loss and exceptional coupling flatness!
All of our couplers are RoHS compliant. So if you need
a 50 or 75Q, directional or bi-directional, DC pass or DC
block coupler, for military, industrial, or commercial
applications, you can probably find it at minicircuits.com,
and have it shipped today!

[ JMini-Circuits

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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Beverly Microwave Division

150 Sohier Road -« Beverly, MA 01915
Phone: +1(978) 922-6000 - Email: bmdmarketing@cpii.com
www.cpii.com/bmd

Communications & Power Industries

Integrated

Microwave Assemblies
for Military Radar
Applications

Performance Advantages:
¢ L, S, C, X, Ku, Ka Bands

* High spurious rejection

* Adjustable Filter Bandwidth
 Gain Control

* RF Gating Capacity

Features:
* Designed to minimize spurious

emissions while maintaining the Upconverters
transmitted waveform integrity And Digital

* Hermetic package Attenuators

* Wide Operating temperature range

Performance Advantages:
¢ L, S, C, X, Ku, Ka Bands

* Low Noise Figures

« Digital Gain Control

¢ Linearized RF Attenuation

’ * Very high Dynamic Range
Receivers * Fast Recovery Time

« Switched IF Filter

Features:

 Dual-conversion radar receivers

* High dynamic range to operate in a multiple
system environment

* Hermetic package
* Wide Operating temperature range

+ Solid State Power Amplifiers ¢ Integrated Microwave Assemblies
* Receiver Protectors * Control Components * Transmitters « Amplifiers
* Modulators « Magnetrons ¢ Crossed Field Amplifiers
« Ring Loop Traveling Wave Tubes * Power Couplers
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system level to study the effects between
the amplifier and other connected com-
ponents on the sensitivity and selectivity
of a communications or radar receiver.

In fact, Keysight Technologies, in its
former incarnation as Agilent Technolo-
gies (www.agilent.com), offers an excel-
lent white paper on the application of its
ADS software to simulating radar and
EW systems. “Advanced Design System
Connected Solutions for Radar and EW
Systems” is available as a free download
from the still-active Agilent website.

The VSS software is seamlessly inte-
grated with AWR’s Microwave Office
software, which is typically used at the
component and circuit levels, enabling
the combination of software tools to per-
form simulations flowing from the device
through system levels.

To meet the needs of radar designers,
the VSS for Radar Systems is a special-
ized version of the software developed for
modeling different radar systems, includ-
ing ground-, air-, space-, and ship-based
radars. Radars can be simulated accord-
ing to different frequencies and wave-
form types, as well as by types of antenna.

VSS software includes links to com-
mercial test equipment like signal gen-
erators and vector network analyzers
(VNAs), helping to integrate measured
data into modeled simulations. In addi-
tion, the VSS Radar Library includes
models of the various components found
in different radar systems.

Due to the widespread use of radar
technology in civilian and military
applications, the field for radar system
simulators has grown at a steady pace.
Some of these simulation tools are writ-
ten for standard Windows-based PCs,
such as PCRadar from Buffalo Computer
Graphics (www.buffalocomputergraph-
ics.com). The software provides an auto-
matic radar plotting aid (ARPA) display
on a PC monitor and serves as an excel-
lent educational tool for shipboard radar
systems (Fig. 2).

COMSOL's MultiPhysics (www.
comsol.com) is another versatile simula-
tion software package that has been used
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for predicting very specific effects within
phase-array and other types of radar sys-
tems. The software has been used, for
example, to model different frequency-
selective surfaces (FSSs) and their radar
cross-sections (RCSs). By finding an FSS
with minimal RCS, a jet aircraft or missile
can be designed to make it more difficult
to detect by enemy radar.

COMSOL MultiPhysics has also been
used to predict system-level effects previ-
ously not modeled in defense systems,
such as corrosion in metals. The software
tool, when equipped with its Corrosion
Module, has been used by the Naval
Research Laboratory (NRL) to predict
how pits grow in different metals as a
function of corrosion.

System simulators are, after all, collec-
tions of equations, typically organized
with a graphical user interface (GUI) that
simplifies the application of those equa-
tions when analyzing system behavior.
For those who want a closer hand with
the equations, MATLAB from Math-
Works (www.mathworks.com) has
proven to be an effective tool for model-
ing radar-system behavior. In particular,
when used with the company’s Simulink
block-diagram-based system simulation
software, MATLAB supports modeling
and simulation at all stages of a radar sys-
tem’s development cycle.

Electromagnetic (EM) simulation
software like the various EM-based tools
from Remcom (www.remcom.com) have
been widely used for modeling antennas
and other radar-system components in
addition to performing full system simu-
lations. The software has helped analyze
RCS patterns, antenna radiation, bistatic
scattering, and other characteristics of
military and commercial radar systems.

For those seeking a painless entry
to radar simulation, Apponic (www.
apponic.com) offers a no-charge simula-
tion (based on its use of MATLAB soft-
ware) of an early-warning radar system,
while Software Informer (www.radar.
software.informer.com) provides free
Windows-based radar simulation soft-
ware on its website. B8

GO TO MWRFE.COM

NI AWR DESIGN ENVIRONMENT

SIMPLY
SMARTER

RADAR DESIGN

NI AWR Design Environment™ is one
platform — integrating system, circuit, and
electromagnetic analysis — for the design
of today's radar systems spanning EW to
transportation, weather monitoring, and
biomedical applications. The software’s intuitive
use model, proven simulation technologies,
and open architecture supporting third-party
solutions translates to zero barriers for your radar

system design success. Simply smarter design.

Learn more at ni.com/awr

‘7 NATIONAL
’ INSTRUMENTS
Microwave Office | Visual System Simulator™ | Analog Office | AXIEM | Analyst™

©2016 National Instruments. All rights reserved. Analog Office, AXIEM, AWR, Microwave Office, National Instruments, NI, and ni.com are
trademarks of National Instruments. Other product and company names listed are trademarks or trade names of their respective companies.
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Specialty Silicone Products, Inc., 3 McCrea Hill Rd., Ballston Spa, NY
12020; 518-885-8826, www.sspinc.com

Particle-Filled Silicones

Satisfy EMI Shielding Needs

Silicone materials filled with conductive particles provide high levels of shielding and ease of use,

compared to traditional shielding solutions, in a wide range of applications.

LECTROMAGNETIC INTERFERENCE (EMI) can

disrupt military electronics systems and endanger the

lives of war-fighters who depend on those systems. The
causes of EMI are many, occurring wherever electromagnetic
(EM) fields are produced. Sources include electric motors,
radio transmitters, computer circuits, and power lines.

In some cases, such as military jam-
mers, EMI is intentionally generated
to disrupt tactical radios and other
military electronic systems. EMI can
also cause problems for civilian elec-
tronic systems—e.g., different types of
vehicular electronic systems—as well as
upset commercial communications and
medical electronic devices. Fortunately,
properly applied EMI shielding can solve
the problem.

Historically, EMI shielding has been
fabricated from metal sheets and formed

SEALING AND SHIELDING

Silicones are a family of synthetic rubbers that provide ther-
mal stability over a wide temperature range (typically -55 to
+300°C) and resist the passage of water, ozone, and ultraviolet
(UV) light. Silicone rubber is also capable of forming tight
environmental seals, remains flexible at low temperatures, and
stiffens at high temperatures. In addition,
silicone retains elastic properties even
after long periods of compressive stress.
Conductive silicones are available as
sheet stock, as extrusions, and as ready-
to-mold compounds.

When filled with conductive parti-
cles such as silver-plated aluminum or
nickel-coated graphite, silicone com-
pounds combine excellent environmen-
tal sealing capabilities with consistent
electrical conductivity and proven EMI
shielding. MIL-DTL-83528, a Defense

into shapes as required to fitan electronic
housing (a radio enclosure, for instance)
as a barrier against EMI. Sheets made

1. This silicone is filled with silver-plated-

aluminum particles for high SE over wide
temperature ranges. It meets the require-

Logistics Agency (DLA) specification for
electrically conductive elastomer shield-
ing gaskets, establishes minimum shield-

from aluminum, copper, and steel pro-
viderigidity and strength, but can deform
under the mechanical pressure required for sealing. Once
deformed, metal EMI shields tend to remain in that shape and
may not effectively block EMI, allowing leakage to and from
electronic circuitry. Furthermore, some metals are suscep-
tible to rust, corrosion, and oxidation, and can lose integrity
over time.

Modern EMI/RFI shielding materials include flexible met-
al screens, metal wires, and metal foams. Coatings made of
metallic inks are applied to the interiors of electronic enclo-
sures to add EMI shielding. Each EMI shielding method offers
certain advantages, but different electronic devices have dif-
ferent requirements. Silicone shielding elastomers filled with
metal particles or metal-coated particles represent a versa-
tile shielding solution, since these compounds combine the
material properties of silicone rubber with the electrical
properties of metals.

68

ments of MIL-DTL-83528, Type B.

ing effectiveness (SE) levels from 20 MHz
to 10 GHz for 12 material types. MIL-
DTL-83528 also specifies the hardness or durometer (Shore
A) of the different material types, with some designated as low,
medium, or high durometer.

Due to recent advances in silicone compounding, newer
particle-filled silicones can meet MIL-DTL-83528 SE require-
ments; such SE performance also serves as a useful benchmark
for other demanding applications in commercial and indus-
trial areas. Historically, particle-filled silicones came with
significant drawbacks and were not a first choice for solving
EMI shielding issues in military electronic designs. Older
silicone EMI shielding compounds have been harder, higher-
durometer rubbers with poor compressibility. They were also
limited to higher-costing conductive fill materials, such as
silver-plated copper and silver-plated aluminum.

Newer particle-filled silicones provide much improved EMI
shielding performance. Still, doubt remains as to whether
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CERAMIC HERMETICALLY-SEALED

RF SWITCHES

HIGH 1soLATION... 0.3 MHz to 6 GHz fmm8 oa /. 20)

On land, sea, and in the air, demanding critical applications call for a switch
that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic
RF/microwave SPDT switch is that switch. From 0.5 to 6 GHz this switch
operates in the absorptive mode (good output VSWR in off state). From
0.3 MHz to 500 MHz in the non absorptive mode (output ports reflective in
off state). The CSWA2-63DR+ at only 4 x 4 x 1.2 mm handles tight spaces,
provides protection against high moisture environments, and offers outstanding
performance. For tough RF/microwave switch requirements in commercial,
industrial, or military applications, think Mini-Circuits’ new ceramic switch. Visit
our website to view comprehensive performance data, performance curves,
data sheets, pcb layout, and environmental specifications. And, you can even
order direct from our web store and have it in your hands as early as tomorrow!
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these newer, softer silicones can meet
the needs of the most demanding EMI
shielding requirements, especially for SE
performance. To better understand the
capabilities of such flexible materials for
rigorous aerospace and defense-based
EMI shielding requirements, it may help
to evaluate several particle-filled sili-
cones from Specialty Silicone Products
(SSP; www.sspinc.com), and how they
were used in an actual application.

SOFTER SILICONES, HIGHER SE
Newer particle-filled silicones for
EMI shielding include lower-durometer
compounds that resist tearing—a prob-
lem that can occur during gasket fabri-
cation due to “pulling” during cutting.
For example, softer silicones are avail-
able from SSP with durometer values
of 30 and 40 and tensile strengths of 90
and 120 psi, respectively. For applica-
tions requiring increased tear resistance,
harder particle-filled silicones with
greater tensile strength are also available.
In addition, for greater resistance to
tearing, lower-durometer, particle-filled
silicones can be reinforced by means of
an inner layer of conductive fabric or
mesh. In comparison to older particle-
filled silicone compounds lacking tear
resistance, newer silicone compounds
enable rugged shielding products that
are thinner, smaller, and lighter than
those earlier compounds, while provid-
ing improved EMI shielding capabilities.
Material mechanical properties such
as durometer, tensile strength, and tear
resistance are important for an EMI
shield, but only some of the factors to
consider when selecting a material for
an EMI shield. Conductive silicones con-
taining silver or silver-coated particles
can meet the minimum SE require-
ments detailed in MIL-DTL-83528. As
an example, one such material from SSP,
a 65-durometer, silver-plated aluminum
silicone, has been independently tested
and certified to MIL-DTL-83528, Type
B. MIL-DTL-83528, Type B materials are
silver-plated, aluminum-filled silicones
with an operating temperature range of

70

TABLE 1: A SUMMARY OF
INDEPENDENT TESTING

ON SSP-2368-65
SILVER-PLATED-ALUMINUM

SILICONE
20 1135
30 128.8
40 134.1
60 132.3
80 130.5
100 131.3
200 139.1
400 135.1
600 134.7
800 138.3
1,000 117.7
2,000 123.8
4,100 121.3
6,000 122.5
8,000 123.3
10,000 118.3

TABLE 2: A SUMMARY OF
INDEPENDENT TESTING ON

SSP-502-40 NICKEL-COATED-
GRAPHITE SILICONE

20 120.1
30 124.5
40 124.3
60 125.1
80 125.5
100 125.2
200 127.2
400 126.3
601 126.1
800 127.1
1,000 116.7
2,000 115.5
4,100 113.7
6,000 113.1
8,000 114.1
10,000 1156.7

—55 to +160°C that are capable of 100-dB
plane-wave SE at 10 GHz.

Table 1 offers a summary of the results
from an independent testing laboratory
for this silicone filled with silver-plated
aluminum at different frequencies. As a
comparison, Table 2 provides indepen-
dent test results for a silicone filled with
nickel-coated graphite particles.

While material properties and SE are
important in selecting an EMI shield-
ing material, so is manufacturability. For
example, some EMI gaskets require an
electrically conductive adhesive back-
ing to keep the seal in place during
gasket installation and product refur-
bishment. Conductive sheet stock pro-
vides excellent SE and is available in the
right form factor for many applications,
but may result in material waste with
bezel-style gaskets.

In some cases, the availability of EMI
shielding silicones as ready-to-mold
compounds can help solve design chal-
lenges. As one example, a requirement
for an EMI gasket for a military touch-
screen display was handled by Stock-
well Elastomerics (www.stockwell.com)
using particle-filled silicones to meet
all of the application requirements.
These include material performance, SE,
manufacturability, and—perhaps most
importantly—cost. While this example
involves a military application, it applies
to other market areas just as well, includ-
ing those with commercial and indus-
trial applications.

In this particular application, an
EMI gasket material with outstanding
mechanical capabilities was needed. The
military touchscreen would be deployed
globally, often in rugged environments.
A candidate material would need to
maintain a mechanical seal under envi-
ronmental extremes of desert heat and
arctic freeze, keeping out dust, rain, and
water during a wash down.

The customer also wanted the EMI
gasket to provide some cushioning for
protection from mechanical shock. In
addition, the touchscreen gasket need-
ed to be soft enough to avoid distorting
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2. These nickel-graphite-filled silicones meet
demanding EMI shielding requirements with
ease of manufacturability.

or interfering with the display’s touch
functionality. Any candidate EMI gas-
ket required an electrically conductive
adhesive and had to meet a specific
price point.

To win this defense contract, Stock-
well selected a cost-effective material
for both environmental sealing and EMI
attenuation. The material is a silicone
filled with nickel-graphite particles sup-
plied by SSP (Fig. 2). Use of the elasto-
mer also supported the project’s two
distinct timelines. The first involved
completing an engineering build where
EMI gaskets were needed quickly to pro-
totype testing. The second challenge was
to provide EMI gaskets for production
parts delivered in high quantities.

To meet the tight engineering-
build deadline, Stockwell Elastomerics
waterjet-cut sheets laminated with an
electrically conductive adhesive from
3M (www.3m.com). The waterjet cut-
ting process made it possible to deliver
custom-cut parts within two days and
without tooling costs. Once functional
and EMI testing were completed, pro-
duction tooling was assembled for the
larger quantities.

The same nickel-graphite-filled sili-
cone compound used to make the sheets
was now used to mold rough blanks
for the touchscreen display gasket.
These molded blanks greatly reduced
material waste while still allowing for
proper adhesive lamination of the nar-
row wall gasket. The adhesive-backed

GO TO MWRE.COM

blanks were then cut to final gasket
geometry and tolerances.

This two-step approach allowed
Stockwell’s customer to meet its timeline
and test parts without any tooling invest-

the Department of Defense bid by deliv-
ering a water-sealed touchscreen display
that met EMI attenuation requirements.
This military touchscreen-display proj-
ect also demonstrated the value of nick-

ment. In turn, this provided the client  el-graphite-filled silicones for demand-

with a pricing advantage that helped win  ing EMI shielding applications. B

Cover your bases |
with KRYTAR

KRYTAR, Inc., founded in
1975, specializes in the design
and manufacturing of ultra-broadband
microwave components and test
equipment for both commercial and
military applications.

Products cover the DC to 67 GHz
frequency range and are designed for
a wide range of applications including:
(1 Test Equipment
1 Simulation Systems
(1 SATCOM & SOTM
1 Jammers for Radar & IEDs
[ Radar Systems
[ EW: ECM, ECCM & ESM

These principles
form the basis for
the steady growth that has earned
KRYTAR an enviable reputation in %
the microwave community.

Cover your bases. Contact Z,
KRYTAR today for more information. 88 ==

MIL-Qualified RF, Microwave & mmW Components
Directional Couplers to 67 GHz

3 dB 90° Hybrid Couplers to 40 GHz

NEW! 3 dB 180° Hybrid Couplers to 45 GHz
Beamforming Networks to 18 GHz
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technical excellence and customer Detectors to 40 GHz
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Custom Yig Development
Since 1973

Since 1973, Omniyig has been the forefront of advanced YIG technology with emphasis in
custom manufacturing state-of-the-art YIG components, Detectors, Limiters, Comb Generators,
and front end systems. We, at Omniyig, are on a continuous critical mission in manufacturing
YIGs for all EW, ECM, ECCM, jammers, radars and instruments in land, airborne, space and
shipboard systems.

We have designed, built and manufactured thousands of supercomponents for programs such
as the ALQ-99, ALQ-117, ALQ-125, ALQ-133, ALQ-135, ALQ-172, ALR-56C, ALR-59, ALR-62,
ALR-67, WLR-8, Rapport lll - for platforms such as the F-15, F-16, F-18, EA-6B, F-35, F-111,
EF-111, B-52, B1, B2 Stealth, C130, L-130, and more.

Omniyig /s custom YIG technology.

STANDARD DETECTORS STANDARD LIMITERS

Omniyig Frequency Omniyig Frequency Insertion Leakage
Model Range 3 TSS Model GENT Loss Power
No. (GHz) Factor (dBm) No. (GHz) (dB) (dBm)
Zero-Bias Schottky Pin
ODZ0004A 0.1-18.0 1200 -52 OLP2645A 8.0-18.0 2.0 +19
ODZ032EA 2.0-180 1200 -52 OLP2726A 2.0-18.0 1.2 +19
ODZ0441A 6.0 -26.0 1000 -51 PL4A73 0.5-12.0 1.8 +19
OLP2652 2.0-18.0 2.5 +20

Schottky Turn-on

5L048 2.0-26.0 25 +14
OLD2635A 4.0-18.0 2.5 +14
OLD2733A 0.4-18.0 2.5 +14

STANDARD Leakage Power Measured at P(in) = +30 dBm
COMB GENERATORS YIG MULTIPLIERS

Omniyig Input Output Output
Model Frequency Frequency  Power Omniyig Input Output Output
No. (MHz) (GHz) {dBm) Model Frequency Frequency  Power
T No. (GHz) (GHz) (dBm)
OHG10118 100 0.1-18.0 -40
0HG20218 20 0.2-180 -35 YM1001 1.0-2.0 20-130 6
OHG51026 500 0.5-180 -28 YM1002 0.1 1.0-12.0 -33
OHG81026 1000 1.0-180 -18 YM1003 0.2 1.0-12.0 -28
e ] YM1004 0.5 1.0-120 -10
Let Omniyig help with any special Limiter or Detector YM1026 1.0-2.0 20-180 -4
requirements you may have - Zero Bias Schottky Detectors, YM1027 0.1 1.0-180 -40
Limiter-Detectors, Comb Generators and a broad line of YM1028 0.2 1.0-18.0 -33
YIG-tuned Filters, Oscillators and Multipliers. YM1029 0.5 1.0-18.0 -22
YM1087 0.1-0.2 1.0-120 -25

RF input power on all models 0.5 to 1.0 watts.
Fast switching, MIL-Spec Hi-Reliability and units integrated
with drivers, oscillators or amplifiers also available.



YIiG BAND
REJECT FILTERS WIDEBAND YIG FILTERS

Omniyig Frequency Ins. Bandwidth Omniyig Frequency Ins. Bandwidth
Maodel Range Loss at 40 dB Model Range Loss at 3 dB
No. (GHz) (de) (MHz) No. (GHz) (dB) (MHz)
M107RX 8.0-18.0 1.5 20 4-5TAGE

M104RX 4.0-18.0 2.0 8 M3064 6.0 - 18.0 6.5 500 min
MI05RX 20-80 1.5 10 M2997 6.0 -18.0 6.0 400 min
e M3513 8.0-18.0 6.5 500 min
MIL-SPEC and High Reliability! = -

Integrated with Analog and 12 Bit Digital Drivers. Industry-leading bandwidths in multi-octave, YIG units
MANY other Multioctave designs available. providing the widest 3dB bandwidth available!

LOW PHASE NOISE
YIG OSCILLATORS

Omniyig Frequency RF Power  Second
Model Range Output Harmonic
No. (GHz) (mW) (dBc)
YOM1517 0.5-2.0 20-60 16
YOM1518 1.0-4.0 20-60 16
YOM1514 4.0-12.0 10 15
YOM3719-5 2.0-15.0 20 13
YOM1679 20-124 20 13
YOM83 2.0-6.0 20 12
YOM137 2.0-8.0 20 12
YOM3719-4 8.0-18.0 20 14
YOM3719-2 6.0-18.0 20 14
YOM3719-1 4.0-18.0 20 13
YOM3719 3.0-18.0 10 12
YOM3676 2.0-18.0 20 15

===
We offer other models with Second Harmonic -60 dBc and
Oscillators integrated with 2-stage YIG Filters.

3350 Scott Blvd, Bldg 66 | Santa Clara, CA 95054
408.988.0843 [T] | 408.727.1373 [F]
Omniyig@ix.netcom.com | www.OMNIYIG.com
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NEW PRODUC TS

Rack-Mount Amplifier Powers 6 to 18 GHz

S

UITABLE FOR electronic-warfare (EW) and broadband com-
munications, model BHE69189-50 is a rugged rack-mount-
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Excellence in Connectivity Solutions

SUCOFLEX®126
Two birds with one stone

Experience extremely precise measurement results with the brand new
SUCOFLEX 126. With its innovative inner conductor construction it
combines excellent loss, return loss and phase stability performance in

just one test lead.

Covering a frequency range up to 26.5 GHz, SUCOFLEX 126 provides
phase/loss stability characteristics on the level of the well-known
SUCOFLEX 104P, while delivering 30% lower loss and 20% higher

power.

shubersuhner.com

HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

able amplifier that operates from 6 to 18 GHz, with more than 40
W output power at 3-dB compression into a 2.0:1 VSWR load.
It provides 50 W typical saturated output power with typical gain
of 45 dB. The maximum overdrive input level is +10 dBm. Sec-
ond harmonics are less than —12 dBc, while third harmonics are
less than —22 dBc. Spurious levels are less than —60 dBc. The
amplifier, which is designed for operating temperatures from

—20to +50°C, features a high-speed 2-ps
enable/disable control. It measures 19.00
x 22.00 x 5.25 in. and weighs 40 Ib. It
is equipped with standard Type N female
connectors, but is available with SMA
and TNC connectors as options.
COMTECH PST

105 Baylis Rd., Melville, NY 11747;
(631) 777-8900, www.comtechpst.com

GaN Amps Boost X-Band Pulses
AI_INE OF compact GaN-based pulsed
power amplifiers has been developed
for X-band applications and output-power
levels to 300 W. Typical small-signal gain
is 56 dB at 9.2 GHz with power-added ef-
ficiency (PAE) of 30%. The amplifiers are
designed for use with a maximum pulse
width of 195 ps and maximum pulse
repetition frequency (PRF) of 5 kHz, with
maximum duty cycle of 15%. The ampli-
fiers cover variants of the 8.4- to 9.6-GHz

frequency range. Measuring just 220 x
150 x 41 mm and weighing about 1,900
g (excluding heat sinks), the amplifiers
feature integrated monitoring and circuit
protection. Self-protection includes de-
tecting when VSWR mismatch, duty cy-
cle, or current limits have been exceeded.
Monitoring is via Ethernet connectivity to a
host system. The amplifiers are equipped
with a D sub control/power connector and
SMA or Type N RF connectors.

DIAMOND MICROWAVE DEVICES LTD.
(44) (0) 113 278 9793,
www.diamondmw.com
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»

ULTRAREL 10 MHz to 7GHz

CERAMIC MMIC AMPLIFIERS

LowNF from 0.5dB  High IP3 up to +42dBm Low DC current 65mA frof 996.5(qu 20
When failure is not an option. Our CMA family of ceramic Robust performance across wide bandwidths makes them
MMIC amplifiers is expanding to meet your needs for more ideal for instrumentation, or anywhere long-term reliability
critical applications. Designed into a nitrogen-filled, adds bottom-line value. Go to minicircuits.com for all the
hermetic LTCC package just 0.045” high, these rugged details today, and have them in your hands as soon as
models have been qualified to meet MIL standards for tomorrow!

a whole battery of harsh environmental conditions:
Electrical Specifications (-55 to +105°C)

Qualified for : (see website for complete list and details)
Model Freq. Gain Poyr IP3 NF DC Price $ea.

Gross and Fine Leak  HTOL (1700 hours @ +105°C)

) ; o (GHz) (dB) (dBm) (dBm) (dB) (V) (qty 20)
Mechanical Shock Steam Aging B / New CMA-81+ DC-6 10 195 38 7.5 5 6.45
Vibration Solder Heat Resistance — New CMA-82+ DC-7 15 20 42 6.8 5 6.45
Acceleration Autoclave 3x3x1.14mm  New CMA-84+ DC-7 24 21 38 55 5 645
PIND And More! CMA-62+ 0016 15 19 33 5 5 495

CMA-63+ 0016 20 18 32 4 5 495
CMA-545+ 0056 15 20 37 1 3 495
CMA-5043+ 0.05-4 18 20 33 08 5 495
CMA-545G1+ 0.4-22 32 23 36 09 5 545
CMA-162LN+ 0.7-16 23 19 30 05 4 495
CMA-252IN+ 15-25 17 18 30 1 4 495

ORoHS compliant
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NEW PRODUCTS

GaN HEMT Die Delivers 30 W
ODEL CGHB80030D is a GaN
HEMT die that is designed for +28-
V dc applications from dc to 8 GHz. It
provides 30 W saturated output power
with 17-dB typical small-signal gain at 4
GHz. Suitable for radar and communica-

Whether your application is narrowband, wideband or

Microwave Technology Leadership
ultra-wideband, operating in pulsed or (W mode, CTT's

< Power Amplifiers

power amplifiers are an especially o NEW GaN and GaAs Models
aftractive choice for new multi-function » Radar Bands up to TkW
frequency-agile systems that effectively « EW Bands up fo 400W
conserve weight, space and power * Pylse and CW

© Rack-Mount Configurations
< Low-Noise Amplifiers

< Up and Downconverters

< Subsystems

< Custom Engineered Options

consumption.

' Tlhe characteristics of the polrilondt}f =
the electromagnetic spectrum selected tor uny 0
these parficular system designs are undoubiably the E’
most important to the end user, as it has the greatest
impact on the type of information required and received.

Engineered specifically to meet the siringent

requirements imposed by many modern system designs,

(TT's family of GaN and GaAs-hased solid-state power
amplifiers excel in a wide range of applications.

(TT has delivered production quantities of amplifiers
with power levels from 10 through 400 Watts — and higher —
for a variety of multi-function, radar and EW applications.

© AMDR e Shipboard Radar  AESA Radar

© VLO/FLO Threats ® New Land Radar © EW e UAVs

More than thirty years ago CTT, Inc. made a strong
commitment to serve the defense electronics market with a
simple goal: quality, performance, reliability, service and on-time
delivery of our produds.

Give us a call to find out how our commitment can
support your success.

It's that simple.

241 East Java Drive ° Sunnyvale + California 94089
Phone: 408-541-0596 ¢ Fax: 408-541-0794 ¢ www.cttinc.com ¢ E-mail: sales @cttinc.com

USA-based thin-film microwave
production facility
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tions circuits, the transistor is fabricated
with a 0.25-ym GaN-on-SiC (silicon car-
bide) semiconductor process. The die
achieves 65% drain efficiency. It is rated
for maximum operating junction temper-
ature of +225°C, along with a maximum
forward gate current of 7 mA and maxi-
mum drain current of 3 A.

WOLFSPEED, A CREE CO.

(866) 924-3645, (919) 287-7888,
www.wolfspeed.com

Surface-Mount Circulator
Handles X-Band Signals

LOW-COST X-BAND circulator is

available in  surface-mount-tech-
nology (SMT) packaging compatible
with tape-and-reel manufacturing pro-
cesses and standard solder-reflow pro-
files. Designed to replace drop-in and
microstrip-type microwave circulators,
the miniature circulator provides a 10%
bandwidth at X-band frequencies with
at least 20-dB isolation and no more
than 0.45-dB insertion loss. It handles

as much as 20 W continuous-wave
(CW) power in a package measuring
just 0.25 x 0.25 x 0.066 in. It is rated
for operating temperatures from —40 to
+85° and is well-suited for applications
in phased-array radar antennas, com-
munications equipment, and electronic-
warfare (EW) systems. Surface-mount
circulators will soon become available
in slightly larger packages for use at S-
band frequencies, as well as with 30%
bandwidth at X-band frequencies.
TRAK MICROWAVE CORP.

4726 Eisenhower Blvd., Tampa, FL
33634; (813) 901-7200, (888) 283-8444,
e-mail: sales@trak.com,
www.trak.com
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Custom Passive RF Components Since 1970.
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Application Notes

GRASP PULSED PHASE-NOISE MEASUREMENTS

HASE NOISE IS a key parameter

that can limit system performance.

With the development of new and
more advanced RF systems, phase noise
of oscillators and transmitters cannot
be overlooked. In the application note,
“Pulsed Phase Noise Measurements,”
Rohde & Schwarz discusses phase-noise
measurements of pulsed RF carriers for
applications like radar systems.

The application note begins by pro-
viding a brief introduction to radar,
explaining that most radar systems em-
ploy pulse modulation. Some radar ve-
locity measurement examples are pre-
sented to demonstrate the importance
of phase noise in radar systems. The
characteristics of pulsed waveforms are
subsequently explained in detail. Im-
portant parameters are discussed, in-
cluding pulse width, pulse repetition in-

terval (PRI), pulse repetition frequency
(PRF), and duty cycle.

Phase noise of pulsed carriers is
then closely examined. As an example,
the spectrum of a 1-GHz carrier that is
modulated with a 10-ps-wide pulse fea-
turing a PRF of 10 kHz is presented. The

10 kHz, but with a different pulse width.
The first measurement was made using a
10-ps pulse width, which was increased
to 50 ps for the second measurement.
Increasing the pulse width from 10 to
50 ps resulted in improved phase-noise
performance. The third measurement

document next describes
the differences between
pulsed and continuous-
wave (CW) phase noise.
A plot of both the CW

Rohde & Schwarz,
Miihldorfstrasse 15, 81671

Miinchen, Germany;
800-837-8772;
www.rohde-schwarz.com

was made with a 1-us
pulse width. This mea-
surement demonstrated
that  decreasing the
pulse width from 10 to

and pulsed phase noise
of a 1-GHz carrier is presented, followed
by an explanation of why they differ
from one another.

To demonstrate the effect that pulse
parameters have on phase-noise perfor-
mance, three different phase-noise mea-
surements are presented. Each measure-
ment was made with a constant PRF of

1 us worsened the phase
noise. These measurements proved that
one should not expect an oscillator’s
pulsed-carrier phase noise to be the same
as its CW phase noise. The application
note concludes with a description of the
Rohde & Schwarz FSWP phase-noise
analyzer, comparing this measurement
solution to traditional test methods.

EFFECTIVELY TROUBLESHOOT MODERN RADIO LINKS

A block diagram of a basic RTSA is then presented. An

WIRELESS TRANSMITTERS HAVE dramatically increased in
number over the last decade. The Internet of Things (loT)
has created demand for low-cost chipsets, which are based
on technologies like Bluetooth, ZigBee, and Wi-Fi. Such
chipsets utilize unlicensed radio spectrum like the 2.4-GHz
band, which is extremely popular for low-cost, license-free
applications. Unfortunately, problems are encountered in

RTSA possesses capabilities that are not available with
traditional swept-tuned spectrum analyzers. For any span
within the maximum real-time span, an RTSA can continu-
ously capture spectrum information instead of having to
perform swept measurements. RTSAs are also not limited
to a single display at one time: Spectrum, spectrogram, and

terms of establishing radio links and main-
taining communications, resulting in the
need for troubleshooting. In the tutorial,
“Trouble-shooting Radio Links in Unlicensed

Frequency Bands,” Tektronix explains why a

Tektronix Inc.,
14150 SW Karl Braun Dr.,
Beaverton, OR 97077;

800-833-9200;
www.tek.com

modulation information can be simultane-
ously analyzed. And because this data is
from a continuous acquisition, the informa-
tion is time-correlated.

Devices that utilize license-exempt fre-

real-time spectrum analyzer (RTSA) is an im-
portant tool for today’s troubleshooting requirements.

The tutorial begins by discussing the traditional spectrum
analyzer, as it is the primary tool for performing spectrum-based
measurements. A simplified block diagram of a traditional
swept-tuned spectrum analyzer is presented. These spectrum
analyzers perform swept measurements, meaning the displayed
measurements are disjointed in time. Therefore, the spectral in-
formation may not be accurately represented, especially in the
case of time-division multiple-access (TDMA) signals.

quency bands must withstand the effects of
multiple transceivers sharing the same spectrum. Regula-
tory requirements almost always require that devices oper-
ating in unlicensed frequency bands cause no interference,
as well as accept any interference that is present. The tuto-
rial explains in greater detail how the capability of an RTSA
to continuously capture spectrum information makes it well-
suited to quantify the effects of interference. The document
concludes by presenting a digital phosphor spectrum dis-
play and spectrogram from an RTSA.
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Mini-Circuits’ New AVM-273HPK+ wideband microwave
MMIC amplifier supports applications from 13 to 26.5 GHz
with up to 0.5W output power, 13 dB gain, +1 dB gain
flatness and 58 dB isolation. The amplifier comes supplied
with a voltage sequencing and DC control module providing
reverse voltage protection in one tiny package to simplify your
circuit design. This model is an ideal buffer amplifier for P2P
radios, military EW and radar, DBS, VSAT and more!

The AVA-183A+ delivers 14 dB Gain with excellent gain flatness
(1.0 dB) from 5 to 18 GHz, 38 dB isolation, and 19 dBm
power handling. It is unconditionally stable and an ideal

50 MHz 1026.5 GHz

' PHA-1+
0.05-6 GHz
Gain 13.5dB
Pout 22 dBm

ea. (qgty. 20)

AVA-183A+

5-18 GHz *6%°
Gain 14.0dB
Pout 19 dBm

ea. {gty. 10)

Ne/X\IVM 273HPK $
= + 90
13-26.5 GHz 36@3. {gty. 10)
Gain 13.0dB
Pout 27dBm

LO driver amplifier. internal DC blocks, bias tee, and
microwave coupling capacitor simplify external circuits,
minimizing your design time.

The PHA-1+ + uses E-PHEMT technology to offer ultra-high
dynamic range, low noise, and excellent IP3 performance,
making it ideal for LTE and TD-SCDMA. Good input and
output return loss across almost 7 octaves extend its use to
CATYV, wireless LANs, and base station infrastructure.

We’ve got you covered! Visit minicircuits.com for full specs,
performance curves, and free datal These models are in stock
and ready to ship today! o RoHS compliant

FREE X-Parameters-Based ithics®
Non-Linear Simulation Models for ADS .

http://www.modelithics.com/mvp/Mini-Circuits.asp
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(718) 934-4500 sales@minicircuits.com
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Product Feature
JACK BROWNE | Technical Contributor

Dual-Channel ADC
Digitizes At 3 Gsamples/s

Thanks to its 3.0-Gsample/s-per-channel sampling rate, this dual-channel
analog-to-digital converter can process input signals to 4 GHz and higher.

HIGH-SPEED DIGITIZERS are changing the way
high-frequency systems designers approach receiv-
er architectures. Rather than rely on mixer-based
frequency-conversion receiver layout, high-perfor-
mance analog-to-digital converters (ADCs) make it
possible to eliminate some or all mixer stages. They
enable a direct-conversion receiver method of filter-
ing, amplifying, and then digitizing input signals.

The model ADC32RF45 developed by Texas Instruments
(www.ti.com) is just such a high-performance ADC. The dual-
channel, 14-b ADC (Fig. 1) operates at 3.0 Gsamples/s per chan-
nel, supporting processing of input signals to 4 GHz and instan-
taneous bandwidths of 1.5 GHz per channel.

The per-channel sampling rate effectively enables digitization
of modulated input signals from dc to 1.25 GHz, such as phase-
modulated quadrature signals with in-phase (I) and quadrature
(Q) signal components. In this fashion, a designer can capture
a total of 2.5 GHz of signal spectrum (bandwidth). By packing
this much processing power into one component, depending on
frequency, a receiver designer can essentially eliminate at least
one intermediate-frequency (IF) stage.

ADVANTAGES OF HIGH-SPEED ADCs

1. The ADC32RF45 is a high-speed, dual-channel ADC
that can digitize input signals to 4 GHz and beyond.

SIMPLIFYING WIDEBAND RECEIVERS

The ADC enables direct-sampled communica-
tions or S-band radar receiver designs. Buffered
analog inputs have terminations for uniform input
impedance across the input frequency range. The close imped-
ance match helps minimize sample/hold glitch energy.

2. The ADC32RF45 evaluation module comes with a power cord and

USB cable for immediate testing of the ADC’s capabilities.

AT ONE TIME, analog-to-digital converters (ADCs) were mainly for
use at audio frequencies, where the earlier technology provided the
means of converting analog inputs to digital code. However, as the
technology, and the circuit-fabrication techniques to implement it,
continues to mature, devices like the ADC32RF45 are emerging with
capabilities to convert higher and higher analog input frequencies to
digital words representing samples of those analog signals.

With complementary hardware, such as digital signal processors
(DSPs) and digital filters, the captured input signals can be revitalized
in the digital realm and brought back to analog form via a sufficiently
wideband and high-speed digital-to-analog converter (DAC). As with
any high-frequency/high-speed component, specifying an ADC for
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an application is largely a function of understanding the key ADC per-
formance requirements.

Three main starting points for selecting an ADC are sampling rate,
bit resolution, and bandwidth. A bit is the fundamental unit that rep-
resents digital words, typically with a value of O or 1. Higher resolution
means more digital bits are used, in the case of an ADC, to represent
an analog input waveform. An 8-b ADC, say, will provide rougher
approximations of an analog input waveform than a 12- or 16-b
ADC, although the higher bit resolution also requires more memory.

An ADC’s sampling rate is the frequency of the clock oscillator
or source that determines how many samples will be taken dur-
ing a sine-wave period, capturing the frequency and voltage of the
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AMNPLIFIERS

ow
NDC* to 12 GHz up to TW Output Power  om P4% 1000

GVA amplifiers now offer more options and more capabilities
to support your needs. The new GVA-123+ provides ultra-
wideband performance with flat gain from 0.01 to 12 GHz, and
new model GVA-91+ delivers output power up to 1W with power
added efficiency up to 47%! These new MMIC amplifiers are
perfect solutions for many applications from cellular to satellite and
more! The GVA series now covers bands from DC to 12 GHz with

*Low frequency cut-off determined by coupling cap.
For GVA-60+, GVA-62+, GVA-63+, and GVA-123+ low cut off at 10 MHz.
For GVA-91+, low cut off at 869 MHz.

NOTE: GVA-62+ may be used as a replacement for RFMD SBB-40892
GVA-63+ may be used as a replacement for RFMD SBB-50892
See model datasheets for details

various combinations of gain, P1dB, IP3, and noise figure to fit your
application. Based on high-performance InGaP HBT technology,
these amplifiers are unconditionally stable and designed for a
single 5V supply in tiny SOT-89 packages. All models are in stock
for immediate delivery! Visit minicircuits.com for detailed specs,
performance data, export info, free X-parameters, and everything

you need to choose your GVA today! US patent 6,943,629

FREE X-Parameters-Based

Non-Linear Simulation Models for ADS :I%L:ﬁthics"‘

http://www.modelithics.com/mvp/Mini-Circuits.asp
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Dual-Channel ADC

sinewave at those sample points. According to Nyquist-Shannon
sampling theory, at least two samples per period of a waveform are
needed to represent that waveform in digital form. In the case of
the ADC32RF45, its sampling rate of 3.0 Gsamples/s allows repre-
sentation of signals to one-half the sampling frequency, or 1.5 GHz,
with the sampling rate divided by two—known as the Nyquist
frequency —for a given ADC.

The terms “undersampling” and “oversampling” are often used
with ADCs to refer to cases where less or more than two samples per
waveform period, respectively, are used to capture an analog signal
in digital form. For a case where an input frequency to an ADC is less
than the Nyquist frequency, more than two samples will be saved per
input waveform period and thus will capture the correct frequency
characteristics.

The ADC includes a pair of dual-band digital downconvert-
ers (DDCs). Each of the ADC’s channels can be connected to
a dual-band DDC with as many as three independent 16-b
numerically controlled oscillators, available on chip per DDC,
to implement phase-coherent frequency-hopping receivers for
advanced SIGINT applications. Complementary components
include front-end peak and root-mean-square power detectors
and alarm functions to support external automatic-gain-control
circuitry and algorithms for stable ADC operation.

When the input frequency is greater than the Nyquist frequency,
less data is captured regarding the input signal, causing a phenom-
enon known as aliasing. When aliasing occurs, analog input frequen-
cies are translated into lower frequencies in the digital realm. This
effect can actually be useful in some systems as a form of frequency
conversion (as with an analog frequency mixer).

These are just a few of the ADC'’s performance characteristics. As
the speeds of these components increase, they are more likely to
be found in the front-ends of RF/microwave receivers, where such
characteristics as signal-to-noise ratio (SNR), spurious performance,
and harmonic levels come into play. An excellent review of ADC char-
acteristics, “High-Speed Analog-to-Digital Converter Basics,” written
by Chris Pearson of Texas Instruments, is available on the company’s
website (www.ti.com).

The digitizer achieves a robust dynamic range, with a noise
spectral density of —155 dB full scale/Hz and signal-to-noise
ratio of 58.5 dB at a 1.8-GHz input frequency. It accepts input
signals to 1.35 V p-p. The two fully independent channels fea-
ture isolation of 95 dB for a 1.8-GHz input signal. In the time
domain, the aperture jitter is an almost-negligible 70 fs.

An evaluation module (EVM) for the ADC32RF45 (Fig. 2)
includes a clock source and voltage regulators to provide the
proper power supplies for the ADC as well as a USB port. [l

integra

TECHNOLOGIES, INC.

sales@integratech.com +1 (310) 606 0855
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TMS

New GaN Amps optimize SWAP
in the 0.1 - 6.0 GHz Range

Seen at IMS 2016
2.5"L X 2w x 0.42”H
New SWAP Standard

» Only 2.1 cubic inches

* Max power density
& efficiency

o MITBF at 40,000+ hrs
@ +85°C

» Smallest footprint
* Modular, non-ITAR

"? TELEDYNE MICROWAVE SOLUTIONS
Everywhereyoulook™
800.832.6869 | Microwave@Teledyne.com | TeledyneMicrowave.com

The Power of Gonsolidation
crowave e Paradise Datacom
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DUAL or SINGLE LOOP
SYNTHESIZER & PLO MODULES

« Proprietary digital Integer and Fractional PLL technology

« Lowest digital noise floor available -237 dBc/Hz figure of merit *
+ Output frequencies from 100 MHz locked crystal to 30 GHz
« Available with reference clean up dual loop, or single loop for )

very low noise reference

« Parallel fixed band stepping or SPI interface synthesized up to

octave handwidths 0

« Reference input range 1 MHz to 1.5 GHz

« Dual RF output or reference sample output available i,
« +12 dBm standard output power +16 dBm available - SimERn
« Standard module size 2.25 X 2.25 X 0.5 Inches (LxWxH)

« Standard operating temperature -10 to 60 °C, -40 to +85 °C

available
Applications: _
- SATCOM, RADAR, MICROWAVE RADIO X o e e

16 - 30 GHz with added x2 module < 1 height r g &e (B0

6.5GHz Phase noise

i W
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Talk To Us About Your Custom Requirements.
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Product Trends
TIM CAREY | Product Manager for PXI, Cobham Wireless

www.cobhamwireless.com

Software-Defined Mu
Parallel Testing

of Small Cells

GROWTH IN THE DEPLOYMENT of small cells continues to
intensify the test challenges faced by original equipment man-
ufacturers (OEMs): They need to carry out manufacturing
test at higher volumes and within tighter budgets. This article
describes how automated multi-DUT testing combined with
intelligent sequencing enables efficient testing of small-cell
devices. Specifically, it will show how small-cell manufacturers
can align and verify up to four devices in parallel on a single
RF channel, achieving substantial time and cost savings.

The choice of a standard tester with customizable test soft-
ware also offers significant benefits compared with either
the development of an in-house automated-test-equipment
(ATE) system or outsourcing development to a third-party
system integrator. Not only does it lower integration time,
cost, complexity, and technical risk, but it reduces resources
required for ongoing support and maintenance.

Recognizing the combined challenges faced by OEMs of
ever-increasing product complexity, acute commercial pres-
sures, and the need to maintain test engineering competen-

GUI

PXI Maestro core

T-Device

Small-cell device testing can
be optimized by utilizing
PXI architecture with
advanced software.

cies, Cobham Wireless developed a family of configurable
hardware and software tools based on an industry-standard
PXI modular architecture. The most recent addition is the
3041 Small Cell RF Tester, which allows small-cell OEMs
to run fast multi-device RF alignment and RF performance
verification measurements. Advanced test software makes
this possible—it manages the utilization of the equipment to
ensure the shortest possible test times.

SOFTWARE

The small-cell tester uses the PXI Maestro test-sequencing
software suite. The software is designed to accelerate test sys-
tem development and reduce test time, which in turn lowers
test costs. A schematic of its architecture is shown in the figure.

Testing up to four devices in parallel can achieve produc-
tivity gains approaching 400%, and test engineering costs
are just about eliminated since customer integration effort is
virtually nonexistent.

REDUCING TEST TIME

PXI Maestro reduces test time and, therefore,
helps maximize production throughput thanks to
highly efficient test flow management. It includes

Test plan Test 2 MOeStrod | a multi-threaded intelligent sequencer that’s
control sequencer Measurement Module . .
designed to take advantage of modern multicore
PSU Device Device WLAN computers. This helps ensure that different tasks
control control || connection WCDMA .
manager || manager || manager aet rement contgy )}/ \TE (FDD/TDD) within a measurement sequence or measurement
: : : | step are overlapped or executed concurrently,
£ P ¥ rather than sequentially, as is the case with con-
PSU DUT Device . Analysis tional inst tati
h- o driver cog;ﬁcr:gi)n Drivers | | 1,0 %0 ventional instrumentation.
Software Where multiple RF measurements are required

3041
Small Cell RF Tester

PXI Maestro software is a high-level architecture that helps reduce test times.
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Hardware

for a single test condition, intelligent data capture
is used to perform the tests in parallel on the same
captured data. Acquiring a signal for measure-
ment and processing results are decoupled, which
means signal captures can be queued for process-
ing, leading to faster test times.
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It has been demonstrated that a single-channel 3041 Small Cell
RF Tester can run a full calibration and test plan for LTE, WLAN,
and GPS—including custom diagnostic tests—on two devices
in only eight minutes. Comparatively, an existing ATE installa-
tion with two RF channels takes 12 minutes to perform the same
function. Thus, the 3041 solution running PXI Maestro reduces
test time by 33% while requiring 50% less test hardware.

TESTING DEVICES IN PARALLEL

No reconfiguration or additional hardware or software
elements are needed when testing multiple devices in par-
allel with a single tester. The tester can be configured to
synchronously test between one and four devices connected
in parallel. Synchronous testing is able to provide higher
throughputs than sequential testing, and can be particularly
beneficial for time-consuming receiver sensitivity test cases,
or where device initialization times are long in comparison
to validation times.

Production process flow can be further improved by testing
devices in two groups of two, with the first group undergoing
test while the operator loads the second group into the test
fixtures. Such an approach can prove particularly efficient in
cases where device handling times represent a significant por-
tion of the overall test cycle, since it can maintain an even flow
rate into and out of the test station.

INTEGRATION COMPLEXITY

Developing, adapting, and optimizing RF test systems to
cope with the constant evolution in wireless device complexity
is a challenge to production-test system engineers. It is time-
consuming, and requires highly skilled staff with a detailed
knowledge of their test tools and the communications control
interface to third-party chipset suppliers. An optimized ATE
solution that is ready for testing multi-standard devices, and

is software-upgradable, simplifies the process of test system
integration, ultimately helping to accelerate new product
introduction and saving on cost of ownership.

The simple graphical user interface (GUI) of PXI Maestro
allows the test engineer to generate and execute test plans,
and make application changes without any knowledge of
how to control instrumentation or the device under test.
Consequently, it eliminates the need to develop and maintain
test-system code. All tester and device control commands are
executed as an uninterrupted measurement sequence with
no further user input. Measurement results are displayed as
they are executed, with a final test report available in a user-
friendly format.

STANDARDS

The tester can perform accurate calibration and standards-
compliant RF performance verification of LTE, UMTS, or
WLAN transceivers, as well as other RF broadcast receiv-
ers such as GPS or Network Listening. It comes with a test
sequencer fully integrated with device control for the Qual-
comm FSM99xx family of devices, and can be easily expanded
to support devices from other silicon vendors. The test system
achieves all of this while retaining the inherent flexibility of
its PXI modular architecture, which allows it to expand test
coverage beyond RF functionality.

CONCLUSION

The 3401 Small Cell RF Tester eliminates the need for
costly and risky in-house test-system development. The
cost-effective, production-ready solution easily adapts to
OEMS’ specific test needs and reduces the time required to
ramp up to high-volume production. Moreover, it substan-
tially shrinks test times by employing parallel testing and
intelligent sequencing. [l

C to Ka-Band Corechips for AESA

C-band integrated Corechip

CGY2175AHV/C1

www.ommic.com

GO TO MWRF.COM

6-bit X-band Corechip 6-bit Ka-band

CGY2170YHV/C1

‘mation@ommic.com
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Product Feature
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Compact SDR

Scans DC 1o 6 GHz

This direct-conversion SDR and its digital architecture provide the flexibility to cover
many different radio communications formats and applications with one design.

SOFTWARE-DEFINED RADIOS (SDRs) offer the
potential to be all things to all people. With suf-
ficient bandwidth and processing power, a single
SDR can serve almost any application within its
frequency range, from commercial communica-
tions to military radar and test equipment. The
Crimson TNG (“The Next Generation”) from
Per Vices Corporation (www.pervices.com) is
designed to be that single-SDR solution for appli-
cations from dc to 6 GHz.

Packed with digital processing power, the Crimson TNG software-defined radio (SDR)

This SDR packs high-speed analog-to-digital supports applications from dc to 6 GHz with wide bandwidths.

converters (ADCs), digital-to-analog converters

(DACs), and a good amount of computer processing power into
a compact lU—high rack-mount enclosure. As a receiver, it can
digitize input signals quickly and accurately. As a transmitter,
it can generate output waveforms with wideband modulation
using four receive and four transmit channels—each with as
much as 322-MHz bandwidth—for a total RF bandwidth of
more than 1,200 MHz.

The Crimson TNG SDR (see figure) is a true single-radio
solution for modern communications systems, including third-
generation (3G), fourth-generation (4G), and even proposed
fifth-generation (5G) cellular radio standards. It is also capable
of operating within signal intelligence (SIGINT) systems, com-
mercial and military radar systems, and test-and-measurement
applications. Each of its multiple receive and transmit channels
can be independently controlled, allowing the SDR to perform
such functions as scanning for signals while transmitting a wide
variety of modulated waveforms.

The SDR is capable of phase-coherent operation of all four
transmit and all four receive channels for implementation of
phase-modulated signal formats with in-phase (I) and quadra-
ture (Q) signal components. Software support enables automat-
ic phase calibration of the four receive and transmit channels,
as well as automatic calibration of I and Q amplitude and phase
imbalances, using finite-impulse-response (FIR) filtering.

The SDR is based on high-quality components, including
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two model DAC38]84 quad-channel DACs and four model
ADC16DX370 dual-channel, 16-b ADCs from Texas Instru-
ments (www.ti.com), along with a model 5ASTMD3E3F3113N
Arria V field-programmable gate-array (FPGA) system-on-
chip (SoC) from Altera Corp. (www.altera.com). The FPGA
SoC has an on-chip dual-core ARM Cortex-A9 microprocessor
and web-based interface to simplify access to and remote con-
trol of the SDR. The radios integral FPGA and built-in micro-
processor combine for programmable flexibility in orchestrat-
ing almost any modulation format.

The SDR housing measures 482.6 x 500 x 43.69 mm and
weighs 5.4 kg. The direct-conversion transceiver derives excel-
lent frequency accuracy from an internal 10-MHz oven-con-
trolled crystal-oscillator (OCXO) frequency reference with
+5-ppb stability. The SDR supports its digital components with
excellent analog front-end filtering with high isolation and
rejection of out-of-band signals on the receive side and suppres-
sion of spurious signal content on the transmit side.

The Crimson TNG also offers the capability for spectrum
monitoring, as well as signal generation and analysis in test sys-
tems. It includes an internet interface and UHD compatibility
for ease of data transport. i

PER VICES CORPORATION, 22440 Dundas St. West, Unit 204,
Toronto, Ontario M6P 1W9; (647) 534-9007, www.pervices.com
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wn 100 Watt

AMPLIFIERS

from ea.qty. (1-9)

High-powered performance across wide frequency ranges.
Mini-Circuits’ class A/AB linear amplifiers have set a
standard for wideband high-power performance
throughout the RF and microwave industry. Rugged and
reliable, they feature over-voltage and over-temperature
protections and can withstand opens and shorts at the
output! Available with or without heat sinks, they’re
perfect for demanding test lab environments and for
integrating directly into customer assemblies. With
standard models covering frequencies from 100 kHz
up to 26.5 GHz, chances are we have a solution for
your needs in stock. Place your order on minicircuits.
com today for delivery as soon as tomorrow! Need a
custom model? Give us a call and talk to our engineers
about your special requirements!

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

W 100 kHz t0 26.5 GHz

Model

NEW! ZVM-273HP+
ZVE-3W-83+
ZVE-3W-183+
ZHL-4W-422+
ZHL-5W-422+
ZHL-5W-2G+

ZHL-10W-2G+
® ZHL-16W-43+
® ZHL-20W-13+

® ZHL-20W-13SW+

LzY-22+

ZHL-30W-262+
ZHL-30W-252+

LZY-2+
LZY-1+
® ZHL-50W-52+

® ZHL-100W-52+

® ZHL-100W-GAN+
ZHL-100W-13+
ZHL-100W-362+
ZHL-100W-43+

Frequency Gain
(MHz) (dB)

13000-26500 14.5
2000-8000 35
5900-18000 35

500-4200 25
500-4200 25
800-2000 45
800-2000 43
1800-4000 45
20-1000 50
20-1000 50
0.1-200 43
2300-2550 50
700-2500 50
500-1000 47
20-5612 42
50-5600 50
50-500 50
20-500 42
800-1000 50

3000-3500 50
3500-4000 50

Pout @ Comp.  $ Price*

1dB 3dB  (Qty. 1-9)
W) (W)
05 05 2195
2 3 1295
2 3 1295
3 4 1160
3 5 1670
5 5 995
0 12 1295
12 16 1595
13 20 1395
13 20 1445
16 30 1495
20 32 1995
25 40 2995
2 38 2195
50 50 1995
63 63 1395
63 79 1995
79 100 2395
79 100 2195
100 100 3595
100 100 3595

Listed performance data typical, see minicircuits.com for more details.

® Protected under U.S. Patent 7,348,854
*Price Includes Heatsink
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AWG Boasts Flexible
Signal Generation

With multiple output paths and several operating modes, these arbitrary waveform
generators deliver analog and digital signals for present and future test requirements.

COMMUNICATIONS STANDARDS never stop evolving, forcing
engineers to be quick on their feet when it comes to generating
the correct test signals for a new standard. To help meet that need
for speed, Tektronix developed the AWG4000 Series of arbitrary
waveform generators (AWGs).

The AWGs offer flexibility, operating simply when a quick sig-
nalis required, or as a fully programmable arbitrary signal source
for the latest waveform or exotic modulation format. With mul-
tiple output channels, sampling rates to 2.5 Gsamples/s, and 14-b
vertical resolution, the AWGs can characterize the latest analog
and digital circuits to 1.2 GHz and beyond.

The AWG4000 (see figure) is actually a 3-in-1 test-signal gen-
erator that can operate in basic, advanced, and digital signal
modes. The compact instrument combines a high-speed direct-
digital synthesizer (DDS) with a wideband AWG source. The
DDS is the source of signals for the basic operating mode, with
two analog output channels that can each generate sinewaves to
600 MHz at output levels to 5V p-p.

ANALOG AND DIGITAL CHANNELS x 2

The AWG can generate both analog sinewaves and different
types of digital output signals when evaluating components such
as digital signal processors (DSPs) and field-programmable gate
.=
The AWGA4000 is a versatile test-signal source that com-
bines DDS and AWG technologies to generate synchro-
nized high-frequency analog and high-speed digital signals.
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arrays (FPGAs). The AWG circuitry is capable of two analog
channels with up to 750-MHz modulation bandwidth each, and
two digital channels with 8-b resolution and options to increase
resolution to 16 or 32 b. Performance is noteworthy, since these
outputs feature —-60-dBc spurious-free dynamic range.

With two digital output channels each capable of operation
to 1.25 Gb/s, high-speed digital signal patterns can be created
in parallel. Multiple signals are able to be time-synchronized
for complex modes of testing. In addition, multiple AWG4000s
can be synchronized and daisy-chained when a large number of
synchronized test signals are needed.

In some cases, such as when testing digital-to-analog convert-
ers and analog-to-digital converters, mixed, digital, and analog
signals may be needed. To that end, the AWG4000 can synchro-
nize analog and digital outputs in two 16-b groups: Each signal
group can be configured as lower-resolution (8-b) signals at full
speed (one-half the sampling rate) or higher-resolution (16-b)
signals at one-quarter the sampling rate.

The portable (14-1b.) AWG4000 includes a 10.1-in. touch-
screen display and front-panel controls. It contains a removable
hard disk for security, and USB 3.0 and LAN interfaces to help
facilitate connection to a personal computer (PC). For local
measurements, the touchscreen display simplifies the selection
of different output waveforms, such as sinewaves, pulses, or
square-wave signals.

The Windows-based AWG is compatible with the firm’s REX-
press test software for advanced measurement programming.
The AWG4000 can store and execute test signal sequences with
as many as 16,384 user-defined waveforms.

Available with various feature sets, the AWG4000 is upgrad-
able as test requirements change. For example, the basic con-
figuration has two analog channels and no digital channels; it
includes 1 Mpoint of memory for each analog channel, but can
be upgraded to 16, 32, or 64 Mpoints. P&A: $34,900 and up. Il

TEKTRONIX INC., 14200 SW Karl Braun Dr., P.O. Box 500, Beaver-
ton, OR 97077, (877) 977-0425; www tektronix.com.
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MODULAR TEST
SYSTEMS

Built Your Way and Delivered within 2 Weeks!

Signal Routing & Attenuation Control for Production Test, R&D and More!

Mini-Circuits’ new ZTM-Series RF test systems
dramatically accelerate custom solutions for a wide
range of applications in test environments. Choose
from our lineup of extra-long-life SPDT, SP4T, SPET
and transfer switches, and programmable attenuators
with attenuation ranges of O to 30, 60, or 90, 110 or
120 dB. We'll build and ship a solution tailored to
your exact requirements within just 2 weeks!

It's that simple! Give us a call and talk to our engineers
about how Mini-Circuits’ ZTM-Series custom rack
mount test solutions can improve efficiency, increase
throughput, and save cost in your business!

Features

® Rugged 19" Rack Mountable Chassis
e Customizable Front Panel Layout

e [ ight Weight

e USB and Ethernet Control

e User-friendly GUI and DLLs Included
e Qualified to 100 Million Switch Cycles
e Affordable Cost

 Delivery within 2 Weeks!

Choose from hundreds of possible configurations!

‘ . ; =3 B Crioy ©
SPDT Switches  SPAT Switches ~ SP6T Switches  Transfer Switches 0 - 30, 60, 90, 110 or 120 dB Configure your
DC -18 GHz DC -18 GHz DC -12 GHz DC -18 GHz Programmable Attenuators system online now
1 MHz - 6 GHz for a fast quote!
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Cancel Receiver Noise

As RF systems evolve, the common LO approach can be imple-
mented in the digital realm for effective reduction of noise in
observation receivers using high-speed, high-resolution ADCs and DACs.”

(continued from p. 53)

system, a trio of experiments were performed using an RF
DAC as the signal source and an RF ADC as the heart of
the sampling receiver. In the first experiment, a 10-MHz-
wide “noise pedestal” was added as double-sideband noise
to the RF DAC’s internal phase-locked loop (PLL) reference
clock (Fig. 2a).

The RF DAC then produced a 1.8-GHz output signal with
the double-sideband noise pedestal. This same RF DAC
has the capability to provide a divided clock output, which
includes noise pedestals, as the RF ADC’s sampling clock.

The resulting fast Fourier transform (FFT) plot (Fig. 2b)
was normalized to the input signal
tone and compared against a spec-

clock and signal input lines result in more degraded perfor-
mance. For optimum results, the signal and clock path lengths
should be as short and as tightly matched as possible.

Figure 3 provides a comparison of results showing how
noise-cancellation performance can be improved with shorter
clock input cables and longer signal input cables. This sug-
gests that the clock routing on the evaluation and inside the
ADC32RF45 is a little longer than the signal path. This is
important to remember during the actual printed-circuit-
board (PCB) layout, where isolation between the RF DAC and
ADC may be traded off against phase mismatch.

(continued on p. 93)

Low-noise
trally pure input signal from a low- signal generator
noise signal generator and a sampling RF ADC EVM
. . RF DAC EVM

clock with noise pe.destal?, as well Sine wave ADC32RFA5
as a spectrally pure input signal and \
clock from the RF DAC with the noise
pedestals removed from the reference RF DAC T RF ADC
clock source. " -

The DAC’s internal PLL has a loop \
filter bandwidth of about 6 MHz. When Dividebr3

: : . ivide-by-
using the clean input from the low.—n01.se CLK out 3361n. | 2.949 GSamples/s
signal generator (the green trace in Fig.
2b), the rolloff is visible. The FFT com-
parison reveals some interesting results. 3. This test setup adds different

Low-noise

Very close (>100-kHz offset) to the
carrier, the noise floor appears to be lim-
ited by the noise floor of the DAC clock

signal generator

Low-noise

k$G|_>5,T8J9J8;4 MHz
.

amounts of delay on the clock
input (a), resulting in different
amounts of cancellation versus

output driver. At offsets from about 100
kHz to about 6 MHz, the noise pedestal
receives about 25- to 35-dB attenuation,

signal generator

and the noise floor is close to a setup with

offset frequency (b).

Fs =2,949.12 MSamples/s, F,, = 1.8 GHz

50
noise removed (red trace). As the offset 45 ==
frequency increases, the amount of noise = 40 f==:: -
cancellation decreases. 2 35 a? \§~: L
The second experiment explored the 2 5, \\ NG
effects of phase mismatches between sig- ;g 25 Tin. \\ NN
nal and clock inputs on noise cancella- E: ol —— 8in NG N
tion. To realize different phases leading ¢ 15l - ;2 :: ™ \\ T
to the two inputs, the length of the cable é 10 \ \\\ N
to the clock input was varied from 3 to < 5 \\ N 3
36 in., while the length of the cable to the \\ \
signal input remained constant at 8 in. 0.1 10 100 1,000
As the test results clearly illustrate, Tone offset frequency (MHz)
larger phase mismatches between the (b)
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RF+DC

100 kHz-12 GHZz
Now up to 40W RF Power

Mini-Circuits is your complete source for Bias-Tees, covering
from 100 kHz to 12 GHz, handling up to 40W RF Power and 4A
DC Current in a variety of coaxial and surface mount packages.
All of our Bias-Tees provide low insertion loss and VSWR. Our
patented TCBT LTCC ceramic designs are the smallest in the
industry and are suitable for projects where low price, small size,
and temperature stability are a must. Our ultra-wideband ZX85
Bias-Tees use our patented unibody construction affording
small size and high repeatability. Whether your applications
call for biasing amplifiers, laser diodes, or active antennas,
DC blocking, DC return, satellite communications, test, or if you
have custom requirements, just contact Mini-Circuits and let us
fit your needs to a “TEE”!

= j = =

‘é‘f‘%‘/‘ " F }.t? . /a'rq T ix #® LTCC TECHNOLOGY
ZX85+  ZNBT+ ZFBT-FT+ ZFBT+ JEBT+ TCBT-14+ TCBT+
RoHS compliant.

AS-TEES

from
TYPICAL SPECIFICATIONS
Model Freq

(MHz) Loss (dB)
TCBT-2R5G+**  20-2500 0.35
TCBT-6G+** 50-6000 0.7
TCBT-14+"* 10-10000  0.35
TCBT-14R+** 10-10000 0.6

$

95 st

ea. Qty.1000

TCBT: LTCC, Actual Size .15"x.15"

U.S. Patent 7,012,

JEBT-4R2G+
JEBT-4R2GW+

PBTC-1G+
PBTC-3G+
PBTC-1GW+
PBTC-3GW+

ZFBT-4R2G+
ZFBT-6G+
ZFBT-4R2GW+
ZFBT-6GW+

ZFBT-4R2G-FT+
ZFBT-6G-FT+
ZFBT-4R2GW-FT+
ZFBT-6GW-FT+
ZFBT-282-15A+
ZFBT-352-FT+
ZNBT-60-1W-+
2X85-12G+

NEW'ZX85-40W-63+

486**

10-4200
0.1-4200

10-1000
10-3000
0.1-1000
0.1-3000

10-4200
10-6000
0.1-4200
0.1-6000

10-4200
10-6000
0.1-4200
0.1-6000
10-2800
30-3500
2.5-6000
0.2-12000
700-6000

ZX85: U.S. Patent 6,790,049.
Note: Isolation dB applies to DC to (RF) and DC to (RF+DC) ports.
*Price is for quantity of 20

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

0.6
0.6

44
28
33
33

U.S. Patent 8,644,029***

40
40

N/A
33

mA

200
200
200
200

500
1500
4000

500

400
1000

(718) 934-4500 sales@minicircuits.com

Insertion Isolation Max Current Price $ea.
(dB)

Qty.10

6.95
7.95*
8.45
8.45

Qty.1-9
39.95
59.95

28.20
38.20
38.20
49.20

59.95
79.95
79.95
89.95

79.95
79.95
79.95
89.95
59.95
49.95
82.95
99.95
179.95
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Cancel Receiver Noise

(continued from p. 90)

Fs =2,949.12 MSamples/s, F,= 1.8 GHz, A =-3 dB FS

IN

How much noise improvement can -60
be expected in an actual system imple-
mentation of the common clock/LO -70

approach? To find out, in the third

experiment, a 1.8-GHz sine wave from
the RF DAC was sampled using three
different options for the ADC’s sam-

%
S

27
é

pling clock. To provide the recommend-
ed clock amplitude for the best ADC

Amplitude (dB FS)
3

'
o
o

noise-floor performance, an RF ampli-
fier was added to boost the clock ampli- q10d - E:gzt lelfNDlsAi\gnglL g enerator
tude (Fig. 4a). —— Clock: RF DAC CLK + amp

When providing a low-noise sam- 120 ——— Clock f:nd signal: LPN sngnol generator
pling clock from the low-noise signal 0.01 0.1 1 10 100 1,000
generator, there is no noise cancellation. Frequency offset from fundamental (MHz)
Hence, the PLL loop filter response is (al
clearly visible in the output spectrum
(Fig. 4b, purple curve). Using the clock Bandpass
output from the RF DAC causes the cor- Low-noise T_L flter
related noise to be cancelled. However, signal generator /—\
insufficient clock amplitude results
in a high ADC noise floor that can be  Sine wave ADC32RF45
observed outside the PLL loop band- ‘J_» 18
width (Fig. 4b, blue curve, for offsets RF DAC GHz .
greater than 10 MHz).

The best results are achieved when CLK
adding the RF amplifier in the clock J_}
path to compensate for loss in connec- l”';ﬁer Divide-by-3 2.949
tions to and from the evaluation mod- Cliout CSamples/s
ules (EVMs) used to perform these I RF omp
experiments (Fig. 4b, red curve). Better 1,105.92 MHz
results can be achieved when directly Bandpass

. Low-noise filter

connecting the RF DAC clock output to B signal generafor T_L

the ADC clock input on the same cir-
cuit board. The far-end noise floor is
now limited by the inherent thermal
noise of the clock output driver and the
ADC32RF45 RF sampling ADC, while
the close-in, correlated noise experiences noise cancellation.

The inherent thermal noise of the DAC clock output is
worse when compared to the low-noise floor of the low-noise
signal generator with a bandpass filter (Fig. 4b, green curve),
which occurs with offsets greater than about 50 MHz. How-
ever, by taking advantage of noise cancellation, the close-in
noise performance (<30 MHz offset) of the RF DAC clock
output is actually better (lower), despite its inherently worse
internal PLL noise.

The three experiments described above show that the com-
mon LO approach for transmitter noise cancellation can
also be applied to RF sampling data converters when used in
mixed-signal transmitters and receivers. Such RF data con-

GO TO MWRF.COM

[\

4. In this experiment, system performance was compared with different sampling clock options

(a), with the resulting FFT noise-floor performance (b).

verters offer the capabilities to digitize signals in the RF range
with wider instantaneous bandwidths than lower-frequency
IF data converters, and can also take advantage of the same
noise-cancellation capabilities as traditional IF-sampling-
based data converters. Il

Editor’s Note: The ADC32RF45 is a dual-channel, 14-b analog-
to-digital converter (ADC) that features a maximum sampling
rate of 3.0 Gsamples/s. It can effectively digitize input signals to
4 GHz or higher with wide modulation bandwidths, for imple-
mentation of low-component-count, direct-conversion receivers.
For a full review on the new ADC, don’t miss this month’s feature
beginning on page 80.
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Flexible Test Cables Make
Right-Angle Connections

A FAMILY OF FLEXIBLE TEST CABLES
includes right-angle connectors.The
low-profile fest-cable assemblies cover
a fotal frequency range of dc to 27 GHz
with 16 unique assembilies, including dc
to 27 GHz for SMA assemblies and dc
o 18 GHz for Type-N and TNC assem-
blies.The right-angle SMA and Type-N
connectors incorporate an infernal
radius design o optimize performance
in a low-profile configuration.The cable

microwavesarf
DirectConnection

TO ADVERTISE, CONTACT A
SALES REPRESENTATIVE
at http://mwrf.com/advertising

GaN Device GX3442
70W CW 1-1000MHz

Visit us at
IMS Phoenix
booth 1129.

RF polyfet rf devices

yfet.com
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grErerrerrie. Free Software Provides EM Simulation for Students
R e, THE NEWEST RELEASE OF CST STUDIO SUITE—Student Edition is a free version of the

highly regarded electromagnetic (EM) simulation software that now includes a
low-frequency solver for analyzing eddy currents.The versatile software is like a

fextbook in code form. It contains time-domain, frequency-domain, stafic, and
thermal solvers along with a set of online examples on how fo simulate classic
EM problems at undergraduate and post-graduate learning levels. The new
low-frequency frequency-domain (LF-FD) solver can be applied to the analysis
of eddy currents in such components as sensors, actuators, and fransformers.

The student software is available for free download from the CST website.
CST OF AMERICA, INC., 492 Old Connecticut Path, Ste. 500,
Framingham, MA 01701; (508) 665-4400, www.cst.com

assemblies, which are available with
0.086- and 0.141-in. diameters and with
double-shielded, silver-plated copper
braid over silver-plated copper tape,

offer low insertion loss, typical VSWR of
1.25:1, and isolation of 90 dB or more.
range of -40 to +150°C and stainless-

Lﬂ B

They include an operating femperature
steel connectors rated for a minimum
lifespan of 500 mating cycles.
PASTERNACK, 17802 Fitch,

Irvine, CA 92614; (949) 261-1920,
www.pasternack.com

F-—‘

\\

Low-Power 1/Q Modulator Spans 0.7 to 6.0 GHz
BATTERY-POWERED ELECTRONIC PRODUCTS require devices that can run
on low power, and the LTC5589 in-phase/quadrature (1/Q) modulator is
such a device. It operates from 700 MHz to 6 GHz on a single +2.7-to +3.6-V
dc supply while consuming only 29.5-mA current. It features sideband sup-
pression of -50 dBc and typical carrier leakage
of —43 dBm without calibration.The modulator
offers excellent fransmitter performance, with
output third-order-intercept point of +19 dBm
and a low output noise floor of —-158.8 dBm.
It achieves a baseband bandwidth as
wide as 92 MHz with RF bandwidth of 184
MHz atf 1.8 GHz.The device supports nar-
rowband and wideband fransmitter ap-
plications, including portable field radios,
unlicensed band radios, frain communications,
software-defined radios (SDRs), portable RF fest equip-
ment, low-power microwave backhaul and repeaters, telemetry radios, and
satellite modems. It comes in a 4- x 4-mm plastic QFN package with oper-
ating femperature range of -40 to +105°C. P&A: $4.45 (1000 gty.); stock.
LINEAR TECHNOLOGY CORP., 1630 McCarthy Blvd.,

Milpitas, CA 95035-7417; (408) 432-1900, www.linear.com
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Programmable

A TTENU/I TORS

0t0120dB 0.25dB Step* 110 8000MHz' 10,5395
FEATURES Perfect for...

0-30, 60, 63,90, 110, and 120 dB e Fading simulators

USB, Ethernet & RS232 control options e Handover system evaluation
User-friendly GUI and DLLs included e Automated test equipment
Sweeping and hopping capability e And MORE!

Available from stock!

Visit minicircuits.com for detailed model specs, application notes, and more!
Place your order today and have them on your test bench as soon as tomorrow!

* Model RCDAT-3000-63W2+ specified step size 1dB
T Model RCDAT-3000-63W2+ specified from 50 —3000 MHz; 120 dB models specified from 1- 4000 MHz
™ No drivers required. DLL objects for 32/64 bit Windows® environments using ActiveX® and .NET® frameworks.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
523 RevG
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Reference Design Warms to Solid-State Heating Software-Defined VNA Sweeps 125 MHz to 6 GHz

THE MICROBLAZE 250 is a miniature solid-state power-ampli- AN AFFORDABLE BUT HIGHLY ACCURATE software-defined
fier reference design capable of 250-W output power from vector network analyzer (VNA) provides high-resolution S-
2.4 o 2.5 GHz. Based on silicon LDMOS fransistor technol- parameter measurements from 125 MHz to 6 GHz.The com-
ogy. it measures just 80 x 40 x 5 mm and can be used in pact model 6a analyzer is designed for network operation,
microwave ovens and industrial heating systems in place with the possibility of controlling and displaying results from
of vacuum-tube electronics.The modular design employs multiple VNAs on a single personal computer (PC)—each
a thermally conductive copper VNA being identified by its own IP address. Ideal for produc-
) . base plate and fion environments requiring

- 1 the firm’s unique multiple test stations, this VNA

: : I BLC2425MO9XS5250 maintains a high dynamic

.’i _:_ ACP-3 air cavity range even at fast sweep rafes,

! [ ii: package with its making it well suited for test-

| model BLP27M810 ing a range of passive com-

- power transistors. ponents, such as antennas,

- The reference des- attenuators, cables, and filters. Typical dynamic range at a

ign provides 250-W output power at sweep rate of 45 kHz is 72 dB at the lowest frequencies and

1-dB compression with 36-dB gain when fed with a +21-dBm 56 dB at 6 GHz.The typical dynamic range at a sweep rate
input signal. It runs from a +32-V dc supply and consumes of 2 kHz improves to 84 dB at 125 MHz and 69 dB af 6 GHz.
20-A current.The amplifier can withstand VSWR mismatches The VNA's open, flexible application-programming-interface
as severe as 10.0:1 for 60 s without damage and is designed (API) software provides the freedom to create custom sweep
for operating temperatures from +5 to +100°C. patterns fo fit any production test requirements.
AMPLEON NETHERLANDS B.V., AKELA INC., 5551 Ekwill Dr., Santa Barbara, CA 93111;
Halfgeleiderweg 8, 6534 AV Nijmegen, The Netherlands; (805) 683-6414, www.akelavna.com

(31) 6208 14 771, www.ampleon.com

Z

Messe Miinchen

[of ting Global C

Planet e: Where
the future begins.

Automotive electronics of tomorrow. Today.

Automotive exhibition sector:
November 8-11, 2016

electronica Automotive Forum:
November 8-11, 2016

electronica Automotive Conference:
November 7, 2016

Tickets & Registration: electronica.de/en/tickets electronica.de/en/automotive

All about electronica Automotive:

World's Leading Trade Fair for Electronic Components,

Systems and Applications % el ECt rO n ica 2016

Messe Minchen | November 8-11, 2016 | electronica.de inside tomorrow

96 JULY 2016 MICROWAVES & RF


http://www.ampleon.com
http://www.akelavna.com
http://electronica.de/en/automotive
http://electronica.de/en/tickets
http://electronica.de

We’ve kept these ARRA Attenuators
under our hat long enough...

The “no-nonsense” attenuator. ..
For Audio, IF, and VHF.
Simple, straight forward, no frills. Not bad
when this economy model performs in the
same classy manner as other ARRA high
precision units.

e SMA connectors, others available

e Off-the-shelf delivery

¢ 50 ohm impedance, 75 ohms available

e Specs that beat the competition’s

Directly calibrated models

Freq Range Atten Atten vs
(MHz) Range (dB) | Freq(dB) Madel No.
DC-60 10 L1.0 0682-10F
DC-100 15 0.3 0652-15F
DC-100 30 £0.5 0652 30F
DC-250 10 H0.5 06S2-10F
Uncalibrated models
DC-60 10 C1L0 068210
DC-100 20 0.6 0652-20
DC-100 30 £0.5 0652-30
DC-200 30 +2.0 0652-30A
DC-250 15 +1.2 0652-15
DC-500 10 0,25 0682-10

Visit our website at www.arra.com

9 s { Phaseless
Variable
Attenuators

The “incredible” attenuator...
Elegant, classic, exceptional. With all the
extras you’d expect at the top of the ARRA
line. So uniquely new in its approach,
it’s one of a kind. Nothing else like it on the
market. It’s got everything...

e Low phase

e High RF Power

e Low VSWR & Insertion loss

e Extremely flat frequency response
¢ (0-3 dB & high attenuation models
e Bands from 350-5000 MHz

..« the last word in variable attenuators

" ARRA.._

15 Harold Court » Bay Shore NY 11706-2296

Tel 631-231-8400

Fax 631-434-1116

E-Mail: sales@arra.com
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The Smart Choice
tor Small Spaces

Coilcraft is the brand engineers trust most
when specitying tiny inductors for wearable technology

Boost the performance and battery life of You can get started by using our suite

your wearable products with these tiny of web tools to quickly locate the perfect

RF and power inductors from Coilcraft: inductors for your design. Compare and

e Wirewound chip inductors as small as analyze multiple parts based on your
0201 size for wireless communications true operating conditions, and then order

e Shielded power inductors as thin as free evaluation samples with just a click.
0.71 mm for power management Learn why we’re the biggest name

e Coupled inductors as small as 2.2 x in ultra-miniature inductors. Visit us at
1.45 mm for LED display drivers www.coilcraft.com.

\@cmlcruﬂdwed com

@ No min order. Next day delivery.

WWW.COILCRAFT.COM
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